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WAMIES FOR Viet Ne al) 


e manufacturers of the following 











brands of lamps are able to supply 
amps for all requirements, from 
medical lamps to the highly 


specialised 10 kilowatt lamp .... 


SRAM 
MAZDA 
EDISWAN 
SIEMENS 
COSMOS 
CRYSELCO 
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HARROW | 


PREFERS 


G&S 


Harrow is now busy converting its street lighting to gas. 





One of the first decisions of the new Harrow Urban District Council, 
which was set up in April last year, was to keep all their streets bright every 
night with gas. 

Big gas lamps of 2,600 candle power are being put up in 
High Street, Wealdstone and in the Station Road —these are a new invention 
in street lighting and Harrow is the first urban district to use them on a 
large scale. 

Harrow Council have agreed that gas shall be used 
throughout the whole district, covering about 20 square miles—this is the 


largest urban district in the country —for the next seven years. 


Public lighting by gas is cheap and reliable —that is why 


so many Councils prefer it. 





THE GAS LIGHT & COKE COMPANY 


never lets London down 


HEAD OFFICE:— HORSEFERRY ROAD, WESTMINSTER, S.W.1. Victoria 8100 
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A FURTHER ADVANCE 


IN THE 


400 watt 


OSIRA 


REGD. TRADE MARK 


LAMP 


Made in England 


The standard 400 watt OSIRA Lamp now has an_ initial 
efficiency of 45 lumens per watt, or 3 times that of 
a filament lamp of the same wattage. 


TESTED, PROVED AND 
GUARANTEED BY THE 


Over 5,000 OSIRA Lamps have been adopted for 
Public Lighting in Great Britain alone because— 


1 They give the MAXIMUM light at the 
lowest running cost. 


2 They have been proved reliable in 
SERVICE. | 








3 They have a GUARANTEED average life 
under street lighting conditions. 


G.E.C. Engineers are at the service of all interested in the application of 
Electric Lighting employing “OSIRA” Lamps and G.E.C. Lighting Fittings. 














OSIRA LAMPS FOR ACCIDENT- PROOF STREET LIGHTING 


3 Advt. of The General Electric Co., Ltd., Magnet House, Kingsway, London, W.C.2. 
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TPES 
SCIENCE 
OF 
SEEING 








For sewing and reading fine print good illumination in the home is a vital necessity. 
It takes three times as much light to read a newspaper as a well printed book. 


Visit the E.L.M.A. Lighting Service Bureau and 
compare the amount of light your eyes require with 
the amount of light you are giving them. Means have 
been provided for demonstrating this new science of 
seeing to every type of light user, and a mass of 
statistical evidence has been collected on the all- 
important subject of the protection of eyesight. 





A light meter should be available wherever lighting is 


under discussion. 


The E.L.M.A. Lighting Service Bureau is maintained by the 
manufacturers of the following brands of British made lamps: 


OSRAM MAZDA EDISWAN 
SIEMENS COSMOS CRYSELCO 
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BOROUGH OF 


LEYTON 


TEN MILES of 


‘REGISTERED TRADE MARK 


LIGHTING 


THE decision of the Leyton Authority to light 
; all the main roads in the district with Mazda 
Mercra Lamps in BTH lanterns is the logical sequel 
to the highly satisfactory operation of the original 
Mazda Mercra installation in Lea Bridge Road. 





By careful planning, BTH Illuminating Engineers 
in co-operation with Mr. J. Wetherell, the Borough 
Electrical Engineer, were able, in the case of Lea 
Bridge Road, to produce an illumination incom- 
parably better in every respect than the previous 
lighting. 


The extended scheme comprises the lighting on 
similar lines of the following thoroughfares :— 
Whipps Cross Road, High Road (Leytonstone), 
Cambridge Park Road, Cann Hall Road, Crownfield 
Road, and High Road. 


BTH Diron Lanterns to the number of 259 will 
be erected on tram standards, and eight of the 
same type will be mounted on new posts. These, 

: Bac ere together with other BTH units already erected, 
This illustration shows the Mazda Mercra make a total of 455 points. Mazda Mercra 
Lighting in Lea Bridge Road, Leyton. 400-watt Lamps are used throughout. 


MAZDA MERCRA LIGHTING is also installed at KINGSTON, PURLEY, RUGBY, 
COULSDON, WILLESDEN, ST. PANCRAS, BIRMINGHAM, BIRTLEY (Newcastle- 
“on-Tyne), WOLVERHAMPTON, LEEDS, ILFORD, RAWTENSTALL, ST. ANNE’S, 
EDLINGTON, CARDIFF, LUTON, MAIDSTONE, FOLKESTONE, HARRATON, 
HARWICH, HOLYHEAD, HALIFAX, CANNOCK, HUDDERSFIELD, etc., etc. 


Lantern 


BTH Lighting Engineers will be very pleased to collaborate Type 30! 
with any Public Authority in the preparation of a scheme 
for the improvement of highway illumination. This 
advisory: service is given without charge or obligation. 


THE BRITISH THOMSON-HOUSTON CO., LTD., CROWN HOUSE, ALDWYCH, W.C.2 


ie 


M. 3596 
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|PRUSEn 


“ Saaflux ’’—the accepted standard by which 
to measure the perfection of any lighting instal- 
lation — now combines with the Benjamin 
Glassteel Diffuser to provide the ideal diffusing 
reflector fitting. 











































Easy wiring, perfect insulation, safe cable 
temperature, more light, and rapid detachability 
of reflector and lamp as one unit, are only a few 
of the advantages of this latest Benjamin 
contribution to lighting efficiency. 


Send for further particulars. 






““SAAFLUX” 






iS EASILY REFLECTOR 
A AMP 
DETACHABLE eer 


CLEANED 


a 


ELECTRIC LTD. 


BRANTWOOD WORKS - TOTTENHAM . LONDON N.I7 
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AN ULTRA-VIOLET 
HOME UNIT 


oo for Sunless Winter Days 


As summer sunshine wanes VITALITY is lowered 
and summer TAN fades. These deficiencies can 
now be remedied. Simply plug in the VI-TAN 
Unit to any standard plug or socket and switch 
on. Health-giving Ultra-Violet Light is available 
immediately. Robust, self-contained and portable, 
the VI-TAN Unit can be used in any position. 
Economical in operation, it uses only 50 watts. 


Including the fused quartz mercury vapour lamp, 
it is British Made to the highest standard. 


For Alternating Current only 


The Thermal Syndicate, Ltd. 


Makers to the Trade for over 25 years 


Vitreosil Works, Wallsend-on-Tyne VI- I AN 
U 


London Depot: Thermal House, Old Pye Street, S.W.| 


LTRA-VIOLET HOME UNIT 























Is YOUR lighting 
really efficient? 


"THE only way you can KNOW is to measure both input and 

output. You already measure input in terms of kilowaitt- 
houts, lamp renewals, and so on. To know the output you 
must measure the light available at the point of use. 


THE WESTON MODEL 603 IS THE IN- 
STRUMENT FOR THESE MEASUREMENTS. 


Shorter days mean that mote attention must be given to interior lighting if 
you are to avoid losses in production, damage to machinery and deterioration 
in the quality of goods; to say nothing of those human factors, eyestrain and 
accidents to employees. 


USE THE WESTON MODEL 603 AND FORESTALL 
THESE TROUBLES. 


READINGS 7 There is a suitable WESTON instrument for each class of Light 
HERE Measurement. 
Write or telephone for further particulars to :— 


WESTON ELECTRICAL INSTRUMENT co.. LTD. 
Kingston Bypass, Surbiton, Surrey. (Telephone: Elmbridge 6400-01.) 














RR NSS TS SS I PTO TSE STEIN 
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When the Navy comes to your 
resort, 


And puts all her hands into 

port, = 
Do they look for bright eyes? Jaze AV 
No! They come for supplies % \ 
Of ‘‘ Hailware,” highly prized, 

widely sought! 


Sole Makers : 


HAILWOOD & ACKROY 
BEACON WORKS, MORLEY, LEEDS 


Specialists in the manufacture of beautiful modern lighting 
glassware and fittings, table and standard lamps and adver- 
tising signs. Have you seen our new season’s decorated 
shades? We shall be glad to send you particulars. 


Branches and Showrooms: 
71/75, New Oxford St., London, W.C.1 
3144, St. Vincent Street, Glasgow,C.3 
31, Colmore Row, Birmingham, 3 


Ulster Agents :—Messrs. Bell & Hull, 
17, College Street, Belfast. 











TYPE 3A/UNI 
GAS CONTROLLER 
15 DAY RUN 


35/42 day run to order. 
For “Square” Lanterns. 








electricity by 
installing 


Write for details. 














y 


Save the capital W B R | D Let us submit 

cost of converting 

indoor lighting to poy samples for test 
ates 


eames GAS CONTROLLERS tions, together 
GAS SWITCHES | = ELECTRIC TIME SWITCHES _ [ with quotation 


They sell because they excel 


Automatic lighting 


We offer a complete automatic lighting service, 
embracing both gas controllers and electric time 
switches. 


Careful thought and experience in design, the best of 
British workmanship and materials, allied to the most 
up-to-date production and inspection methods, result 
in the utmost efficiency from Newbridge auto-lighters. 


Many thousands are installed in all parts of the world, 
and satisfied users will gladly testify to the excellent 
results achieved. 





under actual 
working condi- 








and catalogue. 





THE HORSTMANN GEAR COMPANY LTD., Newbridge Works, BATH 
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4 BROMFORD | i 
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Bromford Steel Standards are made for 

every modern lighting requirement—égas 

or electric—in town or in suburb. 
a 
—,, 


me Lighting for trans- 
port vehicles must 
be unusually good. 
Vibration spells the 
need for better 
diffusion, higher 
intensity and more 
robust construction. 
Cryselco Traction 
Type Lamps are 
particularly suitable 
and are widely used. 





Descriptive literature and particulars 
of recent installations on request. 


BROMFORD Cryselco Lamps 


TUBE.CO LTD CRYSELCO LTD. KEMPSTON WORKS. BEDFORD 
’ AND HOME BRANCHES 
B I R M I N G H A M | ORDER STOCKS AND OVERPRINTED LITERATURE NOW 


— 
———e 
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a 
POPY LAR ohh 


CHT witHovt 


BRITISH MADE 


ELECTRIC LAMPS 
with COILED-COIL* ritaments 


GIVE UP TO 20% MORE LIGHT AT NO EXTRA COST 


Qdutof SIEMENS ELECTRIC LAMPS AND SUPPLIES LIMITED. 38/39,Upper Thames Street, London, E:C4 
Branches at-Belfast. Birmingham, Bristol, Cardiff, Dublin Glasgow, Leeds, Liverpool, Manchester, Newcastle-onJyne, Nottingham. Sheffield, Southampton 
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A Council for the Lighting Industry? 


R. BEUTTELL, whose Presidential Address appears in this issue (pp. 359- 
362), voices the general impression that in time to come people will 


continue fo use more and more light as facilities in this direction increase. 


Fortunately we may well hope that increase in the efficiency of illuminants 
will continue to keep pace with greater generosity in their use, so that ultimately 
illumination even on the scale familiar during the daytime may cost us little more 


than we expend to-day. 


Apart from such broad tendencies as these the applications of light in new 
directions are continually extending. Should not these developments, of great 


moment to the Lighting Industry, be carefully watched and fostered ? 


There may soon be room, as Mr. Beuttell suggested, for the services of a 
Council for the whole Lighting Industry—probably the greatest and most important 


national industry in existence at the present time. 
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A Wonderful New Lamp Foundry Lighting 


At the opening meeting of the Illuminating It is also always a good sign when one find bodies 
Engineering Society on October 8, by common con-__ outside the Illuminating Engineering Society de- 
sent one of the most interesting ever arranged by the _ voting time to the discussion of their own special 
Society, the most striking novelty was undoubtedly _lighting problems. An instance was afforded by the 
the new super-pressure mercury vapour lamp meeting of the London branch of the Institute of 
exhibited and described by Professor G. V. Van der British Foundrymen held at the Charing Cross 
Werfhorst. This lamp utilises Hotel on October 2, which 
a quartz tube filled with mer- was attended by Mr. R. 0. 
cury vapour and having an Ackerley, Mr. J. Clark, and 
external diameter of about } a several other I.E.S. members. 
in. The length of the tube is . Mr. R. W. Daniel, whose in- 
proportional to the candle- ; vestigations in the Sheffield 
power aimed at, the consump- -& i area will be fresh in the 
tion being about 1,500 watts — A = minds of our readers, was 
per inch of discharge so that “= : . the author on this occasion. 
a power of several kilowatts be | His paper dealt in general 
can be compressed into a % terms with the lighting of 
tube small enough to be held ; ae factories, and was illustrated 
between two fingers! A _ by lantern slides showing 
brightness as high as 260,000 typical problems, but referred 
candles per: square inch me specifically to foundry light- 
(about one quarter that of ing where illuminations of 
the sun and two and a half s considerably less than 2 foot- 
times that of the car- - candles are apparently still 
bon arc) can thus be attained. a quite usual. In the discussion 
A luminous efficiency of ee some reference was made to 
40 lumens per watt is —s the recent D.S.I.R. research 
claimed for the air-cooled a on the degree of illumination 
lamp and 50-60 lumens per necessary for very rough 
watt for the water-cooled processes. It was emphasised 
variety. One of the most that a relatively high illu 
interesting features of the 
lamp is the fact that it Alfred W. Beuttell, 
exhibits a continuous spec- President of the phunianting Engineering Society highly skilled character 
trum, upon which the mer- (1935—1936). 
cury lines are superimposed, is undertaken, and where 
thus yielding a light which is almost white in the surroundings are dark and the degre 
character and produces little colour-distortion. of contrast often small. We have been told 
Fuller data on this remarkable lamp will be “that..there are over 300 foundries in London 
included in the description of exhibits to appear alone. Certainly the opportunities for better light- 
in our next issue, but in the meantime we give....ing in this field throughout the entire country 
this brief note on its salient features. must be considerable. 


mination is really needed 
in foundries, where work of 
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Notes on Recent 


Opening Meeting in London. 


HE opening meeting of the Illuminating 
Engineering Society took place at the 
E.L.M.A. Lighting Service Bureau (2, Savoy 
Hill, London, W.C.2) on Tuesday, October 8. 

There was an excellent attendance, and the new 
departure of arranging for all exhibits to be on view 
at 4.30 p.m. proved useful in giving the members and 
friends an opportunity of inspecting the exhibits— 
this year more numerous than ever. 

The chair was taken by Mr. H. Hepworth Thomp- 
son at 5.30 p.m. The minutes of the last meeting 
having been taken as read, the Hon. Secretary read 
out the names of new applicants for membership 
(see p. 358). The names of those announced at the 
last meeting of the Society* were read again, and 
these gentlemen were formally declared members of 
the Society. 


Introduction of New President. 


Mr. H. HepwortH THompson then briefly intro- 
duced the new President, Mr. A. W. Beuttell, express- 
ing his conviction that the Society had made an 
admirable selection. 

The PRESIDENT, having stated his determination to 
do all in his power to merit the honour conferred 
upon him, alluded to Mr. Thompson’s signal services 
to the Society during the past year. He had not only 
made helpful suggestions, which the Society was 
already trying to carry into effect, but had done much 
towards rendering these projects realisable by his 
efforts to secure new members. It was estimated 
that quite two-thirds of the notable increase in mem- 
bership (about 130) during the session had been due 
to Mr. Thompson’s personal efforts. He had been 
asked by the Council to make a special reference to 
these services, and to ask members to join him in a 
sincere vote of thanks to Mr. Thompson for his ser- 
vices to the Society during his term of office. 
(Applause.) 


Award of Leon Gaster Memorial Premium. 
The President then said that his first duty was a 
very pleasant one—to announce the decision of the 
ouncil to award the Leon Gaster Memorial Premium 
to Mr. H. N. Green for the excellent paper entitled 
‘Recent Developments in Airway and Aerodrome 





*“Tiluminating Engineer,” June, 1935, p. 176. 


Gbhe Illuminating “Enaineering Society 


Meetings & Events 


Lighting,” read at the meeting of the Society on 
March 12, 1935. 


Silver Jubilee Commemoration (1934) Award. 


Mr. GREEN having received the award, the 
President said that it also fell to him to present, 
for the first time, the Silver Jubilee Commemoration 
Award which had been granted to Mr. Ralph G. Hop- 
kinson for his contribution entitled “The Photo- 
graphic Representation of Street Lighting Installa- 
tions,” which was to be presented at a joint meeting 
with the Royal Photographic Society on December 17. 

In connection with this award two other contribu- 
tions had been received, from Mr. Denholm entitled 
“Recent Developments in Illumination,” and from 
Mr. E. J. Ireland entitled “ A Street Lighting Calcula- 





Forthcoming Events. 


Nov. 12. Dr. R. J. LyrHcor on Visual Perceptions under Modern 
Conditions (General Meeting of the Illuminating Engineering 
Society to be held at the Institution of Mechanical Engineers, 
Storey’s Gate, Westminster, S.W.1) ; 6.30 p.m. 

Nov. 19. Mr. E. C. Lennox on Public Lighting: Its Necessity and 
Administration (io be delivered at the Public Works, Roads, and 
Transport Congress, at the Agricultural Hall, London, N.) ; 
11 a.m. 


_ Nov. 19. Discussion on the proposal “ That the User is the Ultimate 


Authority on Hlumination ” (Informal Meeting of the Illuminating 
Engineering Society to be held at St. Ermin’s Hotel, Westminster, 


S.W.1) ; 6.30 p.m. 





tor.” The President thanked the authors for these 
contributions, to which some reference would be 
made in the Journal in due course. 


Annual Report of Progress. 

The Hon. SECRETARY then presented the usual 

Annual Report of Progress, prepared by the Techni- 

cal Committee, and briefly expressed the thanks of 

the Council to all those who had helped in its pre- 
paration. 


Presidential Address. 


The Presidential Address (see pp. 359-361) sum- 
marised progress made towards higher efficiencies in 
illuminants during the past thirty years, but re- 
marked upon the great scope for further advances, 
such as would go far towards rendering possible re- 
quirements in lighting as yet unsatisfied. He reviewed 
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the future field of operations of the Society and sug- 
gested. the formation of a Council for the Lighting 
Industry, by which all the needs of this industry— 
possibly the greatest and most important of all 
national industries—could be studied and met. 

Photometry was well represented by the auto- 
photometer for street lighting measurements (Dr. S. 
English), the new integrating photometer compen- 
sated for obstructions (Lieut.-Col. K. Edgcumbe), 
and a Street Surface Brightness Meter (Mr. A. G. 
Brown), whilst Mr. L. H. McDermott showed the 
N.P.L. apparatus for determining the. lower limit of 
natural illumination tolerable for clerical work. 

Another enlivening contribution was that of Mr. 
A. G. Penny, who, with the aid of a new filament 
photographic lamp, snapshotted the President and 
Hon. Secretary and subsequently displayed the 
resultant photograph on the screen. 

The meeting was concluded by an enthusiastic vote 
of thanks to the exhibitors, and to the E.L.M.A. 
Lighting Service Bureau, for their hospitality—the 
President remarking on the unique facilities for 
demonstration of the Bureau, which had once again 
proved so helpful to the Society. 


The Exhibits. 


After an interval for refreshments members 
reassembled to witness the demonstrations of 
exhibits. Although three items were withdrawn 
from the programme at the last minute, there 
remained twenty-eight distinct items, and it was 
creditable alike to the Chairman and the demon- 
strators that the programme was got through in the 
allotted time, i.e. by 8.30 p.m. 

After Mr. W. J. Jones had given a brief account of 
the reconstruction of the Bureau and some of the 
exhibits, including those associated with “The 
Science of Seeing,” members were treated to a strik- 
ing demonstration of the new high-pressure mercury 
vapour lamp by Prof. G. B. Van Werfhorst, who had 
come over specially from Holland for the purpose. 
Other novel types of lamps included the new Sieray 
Dual Electrical Discharge Lamp, combining a 
luminescent mercury vapour and a tungsten fila- 
ment, and various forms of electric discharge tubes 
yielding coloured light. The chief item in gas 
lighting was the new Supervia lamp with mantles in 
the form of a strip. Numerous forms of street 
lanterns and fittings for special purposes (hand- 
lamps, reflectors with coloured surfaces, trough lights, 
under-water projectors, etc.) were on view. _Inter- 
esting interludes were those by Mr. E. W. Murray, 
who illustrated the use of miniature low voltage units 
for intense local lighting, and Mr. L. E. Buckell, who 
described some ingenious floodlighting installations 
in South Africa, carried out with the aid of discarded 
petrol tins to serve as reflectors! 


A detailed account of these exhibits will appear in our 


next issue which will also contain the Report on Progress. 





North-Western Area Local Section Programme 


Oct. 8th. Visit to Chester Illuminations (by the courtesy of Mr. S. E. 
Britton, M.I.E.E., M.I.Mech.E., City Electrical Engineer, 
Chester). 

Oct. 23rd. Exhibition and demonstration of Recent Advances in 
Lighting and allied equipment. Manchester College of Tech- 
nology, Sackville Street. 


Nov. 26th. “The Science of Seeing,” by W. J. Jonzs, M.Sc. 
(E.L.M.A.). The Engineers Club, Albert Square, Manchester. 


1936 
dan. 2ist. “ The World’s Most Modern Fish Dock.” Paper by A. G. 


Brown, A.C.G.I., and A. L. Wuirrennam, A.M.I.E.E. 
(G.E.C., Ltd.). The Engineers Club, Albert Square, Manchester. 
Feb. 18th. “‘ The Application of Subjective Methods to Lighting Problems.” 
Paper by R. Maxtep, B.E.(Elec.), B.E.(Mech.) (B.T.H. Co. 
Ltd.). The Engineers Club, Albert Square, Manchester. 
Mar. 17th. Open Discussion Forum. The Engineers Club, Albert 
Square, Manchesier. 
Further particulars available from the Hon. Local Secretary, 
Mr. J. Sellars, Highways Dept., Town Hall, Manchester. 
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Applicants for Membership 


SUSTAINING MEMBERS :—~ 


British Celanese, Ltd., 
22, 
DON, W.1 


Foster and Pullen, Ltd., 
Avil Works, 
BRADFORD 


Linolite, Ltd., 
96, Victoria Street, 


Tucker and Edgar, 
Berkeley Works, 
Road, Lonpon, N.W.1 


CORPORATE MEMBERS :— 


Ce Ee Ae Pee enn pe gt 


Be ee ae. 


RSERNONGPES, Wea: a5.c0555h 062 


Seepoims: A 6G. isl 0 es 


Seem. Bites Hi. Ts. co.cc seas, 


Philips, C. W. MM; ...... 


URE IE PED. Siseccerbens 


Thompson, E. O. H. ...... 


COUNTRY MEMBERS :— 
Borresen, J. E. 


Deacon, H. A. 


Delargy, John A. ......... 


Goreff, S. 


Loynes, W. A. 


Smith, S. E. 


Tantawi, M. K. 


Werfhorst, Prof. 
G. B. van de ...... 


ASSOCIATES : — 
Robson, W. 


AFFILIATED STUDENTS : — 
Chapman, N. S. C. ...... 


Hanover Square, 


Representative :— 


Lon- 
Mr. W. Walker. 


Crossley Hall, 


Mr. D. G. Woolfenden, 


LONDON, 
Mr. L. A. Fickling, 


Berkeley 


Mr. L. R. Tucker. 


British Thomson-Houston Co, 
Ltd., 10 and 11, Snow Hill, 
BIRMINGHAM. 


37, Briscoe Road, 
Lonpon, S.W.19. 


11, Rowantree Close, Winch- 
more Hill, Lonpon, N. 

63, Queen Victoria Street, 
Lonpon, E.C.4. 

11, Gaynesford Road, Forest 
Hill, Lonpon, S.E. 

Florence House, 12, Brondes- 
bury Road, Lonpon, N.W.6. 
British Thomson-Houston Co., 
Ltd., Crown Fiouse, Aldwych, 
Lonpon, W.C.2. 


120, Durham Road, SUNDERLAND. 


Merton, 


Little Cranham, 
MIDDLESEx. 


Hampton, 


8, Vogmagerade, Copenhagen, 
DENMARK. 
Cryselco, Ltd., 
Works, BEDFORD. 
79, Mount Merrion Avenue, 
Blackrock, DUBLIN. 


Kempston 


1,  Prolomnity Proez, 43, 


Moscow. 

25, Hillyfields Road, Erdington, 
BIRMINGHAM. 
Cryselco, Ltd., 
Works, BEDFORD. 
c/o Aeghyptische Studein-Mis- 
sion, Niirnbergerstrasse, Berlin, 
GERMANY. 


Kempston 


4. Leeuweriklaan, Eindhovet, 
HOLLAND. 


Fulwood House, Fulwood Place, 
High Holborn, Lonpon, W.C. 
Bombay Suburban Electric 


Supply Co., BoMBAY. 


328, Rangefield Road, Bromley. 
KENT. 








fenden, 


ling, 


er. 


on Co,, 
w Hill, 


Merton, 
Winch- 
Street, 

Forest 
rondes- 

W.6. 
on Co,, 


ldwych, 


ERLAND, 


ampton, 


nhagen, 


mpston 


\venue, 


Ly 43, 


ington, 


mpston 


in-Mis- 
Berlin, 


lhoven, 


| Place, 
N.C. 
Dlectri¢ 


-omley. 





November, 1935 





THE JOURNAL OF GOOD LIGHTING 


Presidential Address 







by A. W. BEUTTELL, mute. 


(Address delivered at the Opening Meeting of the Illuminating Engineering Society, held at the E.L.M.A. 
Lighting Service Bureau, 2, Savoy Hill, London, W.C.2, at 5.30 p.m. on Tuesday, October 8th, 1935.) 


In choosing a subject for this address I was 
attracted by the thought that this Lighting Industry 
of ours is perhaps unique in possessing some possi- 
bilities, one might almost say securities, for its future 
growth and development which are peculiar to 
itself. Also I think that the industry is at a particu- 
larly interesting stage of its career. It has come to 
maturity: it has established its own technique on a 
scale which differentiates it completely from other 
callings; it has, so to speak, gone into business for 
itself; it has undertaken full responsibility in the 
field which it has chosen, and an independent future 
lies before it. It seemed, therefore, that I might use 
this occasion to suggest to your minds some interest- 
ing speculations on the subject of this future, for I 
feel that there can be no other industry in the world, 
with the exception, possibly, of Aviation, that has 
so much cause to be optimistic and confident of its 
own progress. I am aware that that is a big claim, 
and I would like to put forward some arguments 
in support of it. 

There are two important particulars in which the 
claim is already staked out. The first point is that 
since the human being is designed to look to natural 
light as his normal supply, and since there is at 
present a very large deficiency between natural and 
artificial light, it would seem to follow that there 
must and will be a continuous human demand for 
more and more artificial light until this deficiency 
is made good. 

Is there someone here who doubts this? We used 
to think that the human eye is designed to be satis- 
fied, or nearly satisfied, with variations of light down 
to quite small values, but we do not think so now. 
I would remind you of the experiments made by 
E.L.M.A. Lighting Service Bureau, when lay sub- 
jects. left free of choice and ignorant of intensities, 
chose 125 foot-candles for ordinary reading, a higher 
value than is usually available in interiors by day- 
light. Moreover, surely if daylight had ever been 
too much, we should have been at pains to reduce it? 
So I must repeat my proposition that the demand is 
likely to continue at least up to daylight values. On 
the other hand the consuming public would probably 
be quite unable, even if it wished to do so, to pay for 
so much more light at its present rates. To this dif- 
ficulty the second point provides the answer. As 
though a wise Providence, in permitting such a de- 
ficiency, had provided the means to fulfil it, we have 
before us the possibility of so increasing the economy 
with which energy may be converted into light, that 
the quantity of it necessary to make good the defi- 
ciency may be supplied, more or less, at the same 
cost to those requiring it, or at least within their 
economic range. 

Assuming for the moment that this solution of the 
problem can eventually be reached, we find ourselves 
in the possession of two great natural advantages 
which are complementary and necessary to each 
other. For the complete solution, however, they 
should also balance each other. Let us take some 
very broad figures. If one says that the average 
artificial illumination, speaking particularly of in- 
teriors, is, say, one-tenth of the daylight value, he 
can also say that there will be a complete solution 
if at some future time we should be able to produce 
ten times as much light for the same expenditure of 
energy as is emitted to-day from the sources of light 
which are in general use. 





Now, experience has shown that as the consuming 
public becomes more appreciative of the benefits ot 
good lighting, it is prepared to spend independently of 
the amount of light it is given for a fixed sum, more 
and more on the wherewithal to enjoy it. If, there- 
fore, this demand for quantity of light be satisfied 
without extra cost for energy, expenditure will con- 
tinue to move in the direction of equipment. In 
such event, the growth of the whole field of lighting 
in the meantime will have been great indeed. 

Let us see what there is to say in support of the 
assumption that the problem may be solved of con- 
— energy so much more economically into 
ight. 

Shall we begin by saying that we do not recognise 
impossibilities until they are proved as such? 

In this case it is not proved. On the contrary, so 
far as we can tell, the feat has already been per- 
formed by one of the least of living things, the firefly. 
Now, we are freeing our minds already (and we must 
free them completely) from some limiting notions 
of the past. Speaking of the electrical side, we 
realise that incandescent metals near the melting 
point will never provide the solution, but, unfortun- 
ately, having reached the limit of this line of experi- 
ment a much larger range of research appeared in 
the form of gaseous light. In its particular, though 
possibly not its final form of the gaseous discharge, 
we already have efficiencies greatly exceeding 
those of incandescent metal filament lamps, 
though not in white light. Let us look again at the 
figures. Thirty years ago, the carbon filament, say, 
34 lumens per watt. To-day, gas-filled lamps with 
tungsten filaments giving continuous spectra around 
15 lp.W.; vapour discharge lamps giving discon- 
tinuous spectra up to, say, 70 l.p.W. But we are only 
upon the threshold of this gaseous field. Be- 
tween the present result and the limit of the 
mechanical equipment, we have all the way from 
70 to 670 l.p.W. for discontinuous spectra, and from 
15 l.p.W. to, say, about 250 l.p.W. for continuous 
spectra, or so-called white light. The progress to- 
wards greater efficiency in gas lighting during the 
past thirty years has likewise been very marked. 
Here, however, there is an even greater gap between 
the present performance and mechanical equivalents 
—though I cannot speak with authority on this sub- 
ject. It seems, therefore, that here also there are very 
great possibilities. This is the enormous field which 
is handed to us for research, in which we may let 
out imaginations play, and wherein the biggest 
prizes are likely to be found. The firefly still deads 
the field with 600 l.p.W. of radiated output. 

The fact is that we are really beginning to tackle 
the problem of light and its production at its founda- 
tions or what we now believe to be its foundations. 
We are involved in atomic physics and the mechanics 
of light, and, in this comparatively new field, it is 
not surprising that revelations are coming thick and 
fast. 

If you will bear with me for a moment in review- 
ing some simple facts known to most of you already, 
let us consider their significance. All matter, what- 
ever be the material, is composed of atoms which 
in turn comprise particles—the same particles but 
in different groups and arrangements. These 
arrangements can be upset and the consequence of 
upsetting them is a disturbance, which, travelling 
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through space and affecting the eye, causes the sen- 
sation of light, if it be within a certain range of 
frequency which we call the visible spectrum. Sub- 
ject to this any method of disturbance will cause 
light. The greater the disturbance of the atoms col- 
lectively, the greater the light. 


Heat will cause such a disturbance, but the diffi- 
culty with heat is that the vibrations occur over a 
wide range of frequencies and energy is lost in non- 
visible radiation. ‘The problem, then, is to cause the 
vibrations so that they are all or nearly all within 
the visible spectrum. In the case of the firefly 92 per 
cent. are in the visible spectrum. Now one of the 
particles of an atom, an electron, can be shot out of 
its group altogether. In returning to its own or an- 
other group which also happens to be short of an elec- 
tron, the group may exhibit radiation at any wave 
length. For this reason it is found that even gases 
usually giving line spectra or monochromatic light 
tend to give continuous spectra or white light when 
they are sufficiently disturbed. Collectively they 
exhibit radiation over a whole range of wave lengths. 


In this ionization of gases the process is usually 
employed of subjecting free electrons to an electric 
force and relying upon collision due to their motion 
to create the necessary disturbance. When we con- 
sider, therefore, that there may be an almost unend- 
ing variety of ways of doing any of these things and 
that any combination of them will produce light, 
which leads to the required disturbance of the atom, 
we realise what a vast field of possibility there is to 
explore and that it would not be reasonable to 
place any limits upon the possible results. 


We have spoken of three exceptional features of 
lighting industry and their incidence on progress; 
firstly an inevitable, progressive, almost cumulative 
demand for our goods, secondly a well-defined terri- 
tory assigned to us to conquer, rich in its potentiality 
to yield the wherewithal to meet the demand. 
Thirdly, the discovery that the phenomenon of light 
and its production is not dependent on the secondary 
and limited process by which it was formerly pro- 
duced, but that it is associated with the most funda- 
mental phenomena in the scheme of matter; so that 
if we are thus in touch with its first principles it 
would seem to offer the prospect of all kinds of dis- 
coveries not only in methods of producing light and 
colour but in such matters as the more skilful elimi- 
nation of losses of energy. ; 

But there are other directions in which we feel 
that new ground has been opened. In the physio- 
logical field, for instance, the investigation is now 
being seriously undertaken of the laws which govern 
the best utilisation of light by the human eye, or con- 
versely those which indicate the kind of light the eye 
can best use. Knowledge and researches which 
formerly interested few but the physiologists are 
now brought definitely into the domain of Ilumina- 
ting Engineering and we begin to devise ways of 
setting the results to practical use. 

In a similar way we know that the science of light- 
ing cannot be complete until we have fathomed our 
psychological reactions to various kinds and quan- 
titiés of light. We know, for instance, that people 
can be made happier, that they can perform their 
work more cheerfully and with less fatigue under 
certain conditions. 

Personally, I have no doubt that in the 
physiological and psychological fields there are no 
reactions which do not follow precisely laws 
of cause and effect, which are just as definite 
as they are in the physical field. The only difference 
is that our knowledge is not yet sufficiently advanced 
to be able to appreciate their composition, or, in some 
directions, perhaps, even their nature. Yet I have 
such faith in the progress of scientific knowledge 
that I believe it is only a question of time before 
these laws will be discovered. 

While still on the subject of the future enlarge- 
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ment of our industry, there is a further point which 
may be mentioned in passing. Lighting becomes, day 
by day, a matter of higher and more specialised 
knowledge; its technique grows and will grow accu. 
mulatively beyond the command, and sometimes 
beyond the comprehension of many who, though 
engaged in other or composite trades or professions, 
have to undertake it. Much time is wasted in trying 
to work to unsuitable schemes. The remedy of these 
neighbouring professions must be to employ special- 
ists; but, even so, because lighting is so intimately 
involved in their problems, they cannot give up the 
study of it if they are to be completely successful in 
their work. Therefore, we may expect them at some 
stage or other to join with us for the purpose of 
obtaining the necessary knowledge. We shall then 
extend to them the hand of service and friendship, 
and to that end we must plan and prepare so that 
educative facilities shall be available to them. For 
this it is not too early to start the wheels of organisa- 
tion working, not forgetting that there is a train of 
wheels, and one of them is diplomacy. But, beyond 
this, there is a still larger field of extension, namely, 
the education of the mass of our fellow men so that 
they, in whose service indeed lies ultimately our 
whole work, may be awakened and fitted to derive 
and appreciate the greatest benefit therefrom. - 

And now, ladies and gentlemen, we have surveyed 
somewhat cursorily the territory that lies ahead of 
us. We have cast our eye over some of the possible 
assets of the future, with some satisfaction, shall we 
say, to ourselves. We have, however, said little of 
the responsibility. In appointing ourselves (and I 
suppose we did appoint ourselves) to the position we 
occupy in relation to the community, we have appro- 
priated as our domain all that appertains to one of 
the fundamental amenities of mankind. Our fellows 
have confirmed the trust and the responsibility is 
ours for all time. It, therefore, behoves us in looking 
at the future to look also at the future of that respon-. 
sibility. In the territory which is ours we have 
founded this Society as a central body, the only one 
whose constitution is completely independent, im- 
partial, free from self or sectional interest, and, 
therefore, bound to public service in its greatest 
sense. The Society has thus assumed the role of 
leader, and lead it must. 

To lead, however, is to think into the future, indeed 
it is for this reason that I ventured to choose it as 
my subject. Are we thinking individually and collec- 
tively far into the unhappened future, so as to dis- 
cover how best to prepare for it, or are we able to 
do little more than to meet our everyday problems 
as they arise? 

I am coming presently to my conclusion, and there- 
fore I would summarise very briefly the two points 
of issue: 

Firstly, the expansion which lies ahead of us; 
secondly, that which requires to be done in order to 
prepare for it. 

In putting to you the first issue, let me resume my 
role of optimist and endeavour to picture in imagina- 
tion what the industry of light will be at some time 
which none can foretell, for that depends on how 
quickly we succeed in this world of affairs in smooth- 
ing the path of progress. It will have an honoured 
place amongst the greatest industries. Technically, 
it will be established as one of the leading professions 
integral in itself because too great to be included in 
any other. Its consulting engineers or physicists will 
constitute a recognised and important profession s0 
that illuminating engineering can be chosen with con- 
fidence as a career for new generations. At the 
scientific end it will have made an organised contact 
with those researches of pure science which are now 
largely carried on quite independently of it. There 
will be a Government department, or at least a sub- 
department occupying itself primarily with light as 
it affects the public welfare. Consumers’ tariffs 
be rationalised on a uniform basis designed to ei 
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courage, as some of them definitely do not, the exten- 
sion of lighting loads. As already suggested it will 
progress in its ability to satisfy a naturally increas- 
ing demand for more light, and in so doing it will 


. increase in magnitude and power. 


Amongst those matters which are more difficult but 
which may possibly be regarded as desirable ends 
to achieve are the following:— 

The practice of co-operation through a council of 
the whole industry aided by its allies so that each 
shall recognise with practical effect the problems of 
all for the benefit of the whole. 

The establishment of minimum codes with statu- 
tory effect. 

Last, but not least, the organised extension of 
research. 

Now, as to the second issue, namely, what is re- 
quired to be done in the process of attaining these 
ends, or any of them. Surely it is that there must be 
some organised body to plan and think for the future, 
and I submit that that body should be, or be pro- 
moted by, this Society. 

Experience shows that without some kind of 
organised co-operation industries tend to settle down 
into sections with sectional policies, each section 
looking to itself, as indeed is almost to be expected. 

I am aware that there already exist bodies, some 
very influential, whose concern it is to promote the 
general welfare and advancement of the gas and 
electric industries. In particular I recall the recent 
proposals originated this year at the Electrical Con- 
vention in Bournemouth, which are still in course of 
development. The aims of such bodies are, however, 
necessarily at once broader in some respects and more 
restricted in others than those of the organisation I 
visualise—in that (a) they are concerned with many 
matters other than lighting, and (b) they necessarily 
confine themselves to the section of the lighting in- 
dustry which they represent. A policy is wanted, 
not of the few, nor of a section, but of the industry. It 
is very recent history that another of our greatest in- 
dustries accomplished a belated but successful re- 
construction although after reaching a dangerous 
condition. How much easier then and more promising 
of results for us. 

And now may I endeavour to disarm, if I can, a 
little criticism? Many ideas have been mentioned 
which are frankly either optimistic or idealistic, some 
of them may be called visionary. This was premedi- 
tated because I think that the most creative and con- 
structive thinking proceeds in the first place from an 
idealistic basis. We all require occasionally a little 
exercise in stirring the imagination and stretching 
the mind. Such thoughts, however, if they are to go 
further and be of practical use must be tempered 
with a sound recognition of material facts. We are 
most of us engaged in business. The time may come 
when business will be more consistent with idealism 
than it is to-day; in the meantime, whilst at any 
moment business must be as usual, the use can gra- 
dually be changed so long as it is for the better. 

_My plea is for more concentration on the corporate 
side of the industry as a whole, not only by those who 
already devote much time to it, but particularly by 
those who do not. My justification is that picture 
of the future that each of us may be able to paint, 
but let us have some picture and let us study it. The 
corporate side where it is least self-interested 
is represented by the Illuminating Engineer- 
Ing Society; the kind of responsibility we have 
referred to is vested mainly init. It seems to require 
strengthening, not in regard to its own private affairs 
(we are already seeing to that), but in regard to its 
Possible influence upon the industry generally. For 
this, one of its greatest needs is that its younger 
members should become active in the corporate sense, 
and that they should become articulate. But yet 
another is that at the other end many of our indus- 
trial leaders who are now absent from our Councils 
should be with us. Not only should we value their 

lp, but I am sure that they would have something 
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to gain. One may stand ever so aloof from the cen- 
tral organism of his particular community, but one 
thing he cannot do is to abstain from the benefits or 
the ills of its doings according as they be good or bad. 
I appeal also to them. It may be that if any of the 
ideas that have been sketched should lead to a pro- 
gramme of construction they and many others would 
be more interested. 

It will be for you to say whether consideration of 
these matters is desirable. It is not forgotten that 
many of them, simple to do in some directions, are 
delicate and intricate in others; nor do I underesti- 
mate the practical and business difficulties which have 
to be overcome, or the fact that some of these things 
cannot be done at all until the ground has been suc- 
cessfully prepared for them. It is, however, sug- 
gested that it is not too early to begin to design the 
successful corporate machine of the future, nor too 
late to repair some defects in the present one. There 
are at present many organisations which are more 
out of touch with the Society than they should be; 
so much the better, the more defects in the machine 
the greater the result when they have been repaired. 

Nor is there any suggestion that the Society should . 
change its character or its role; it is rather that it 
should live up to it. In commercial questions it would 
not act, but promote or suggest or influence, though 
always so as to keep commercial and financial de- 
velopment where it ought to be—beyond its own 
borders. 

I would sum up by saying that our future is worth 
every effort. We were reminded recently of some 
words of Mr. C. C. Paterson, in July, 1929, that we 
should avoid giving our successors reason to say of 
our generation “illumination had they but no_in- 
sight. much light but little vision.” We are in 1935, 
and I do not know if he is satisfied with what has 
intervened. We have done much, but I am sure we 
would all like it to be said by those who in the far 
future will look upon us as early pioneers, that what- 
ever our difficulties may have been whilst we tried 
to visualise the complete and wonderful structure 
that was to be, at least we gave them foundations 
organised in plan, sound in material, and in their 
construction well and truly laid. 





Visit to the National Portrait 
Gallery and the National Gallery 


On Tuesday, October 22, members of the Illuminat- 
ing Engineering Society visited the National Portrait 
Gallery and the National Gallery (London). On 
arrival at the National Portrait Gallery they were 
welcomed by the Director, Mr. H. M. Hake, who gave 
a short address on the lighting arrangements. Mr. 
R. R. Holmes and Mr. Pledge, who had been respon- 
sible for the design of the special fittings adopted, 
briefly explained the chief technical details, after 
which they and Mr. A. D. Fitz-Gibbon (H.M. Office 
of Works) conducted parties over the Duveen gal- 
iery in which artificial lighting had recently been 
installed. At the National Gallery Mr. A. D. Fitz- 
Gibbon made a few introductory remarks, and Mr. 
W. M. Peirce, Mr. E. L. Damant, and others on the 
staff of the General Electric Co., Ltd., who had been 
concerned with this installation, were present to act 
as guides. We hope to include a short account of 
the lighting of the section of the National Portrait 
Gallery visited in our next issue. The new lighting 
of the National Gallery has already been described. 
(See “Illum. Eng.”, May, 1935, p. 161.) 

The thanks of the Society are due to the authorities 
and all who helped in the arrangements for this 
visit. It is to be hoped that the use of artificial light- 
ing, on which so much care has been expended, will 
encourage many people who cannot readily visit 
these galleries during daylight hours, to do so in 
the evening. 
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Report on Proposals for Improving the Position 
of The Illuminating Engineering Society 


(Presented at the Special Meeting of Members held in the Lecture Theatre of the Institution of Mechanical Engineers, 


Storey’s Gate, St. James’s Park, London, S.W.1, at 6.30 p.m., on Thursday, September 26th, 


introduction. 


T will be recalled that various proposals affecting 
the future of the Society were made in the 
Presidential Address, delivered at the opening 
of the session. The Council referred these sug- 

gestions to a special committee consisting of the Presi- 
dent (Mr. H. Hepworth Thompson), the President- 
Elect (Mr. A. W. Beuttell), the Hon. Secretary and 
Hon. Treasurer (Mr. J. S. Dow and Mr. Percy Good), 
‘Mr. C. C. Paterson (Past President) and Dr. J. W. T. 
Walsh (Past President), on whose deliberations the 
report now issued by the Council is based. 

At the outset it became apparent that the desira- 
bility and feasibility of some of these proposals de- 
pended on the view taken of the nature and functions 
of the Society. 

Scope of the Society. 


It is, therefore, expedient to recall, firstly, that the 
scope of the Society, as at present indicated in the 
Constitution, should be interpreted in the widest pos- 
sible sense, and as covering all applications of light, 
natural and artificial. 

Its field of study should thus be regarded as includ- 
ing not only the use of artificial light for purposes of 
illumination, but also such matters as access of 
natural light into buildings; the effect of light on 
vision; colour; the application of light, in the form of 
signs or other devices, to attract attention or produce 
decorative effect; the optical projection of light by 
lanterns, cinema projectors, motor headlights and 
searchlights; applications of visible and invisible 
radiation in the interests of health, agriculture, and 
horticulture; the production of fluorescence (either 
for decorative purposes or as a means of analysis); 
the mechanics and composition of light. There is, 
indeed, no aspect of light that should be regarded as 
beyond the scope of the Society. 

Secondly, it should be borne in mind that the 
Society, as at present constituted, is primarily a 
“cultural” body. It aims at interesting users as well 
as experts, and the foregoing list of subjects alone 
suffices. to indicate the variety of professions and 
occupations which may fitly be represented in its 
ranks. At present the membership of the Society 
is drawn very largely from leading firms in the light- 
ing industry, either makers of lamps and lighting 
equipment, or gas and electric supply undertakings. 
It also includes consulting engineers, engineers-in- 
charge, and others who act as links between the pro- 
ducer and the user; a few others, such as architects, 
medical men, and teachers whose interest in lighting 
is occasional; and others again who are not vocation- 
ally concerned with illumination at all, and whose 
interest is simply that of the consumer. 


Need for Increased Membership. 

In so far as it welcomes all these various classes 
the Society may fairly hope to secure, ultimately, a 
very much larger membership than at present, a con- 
dition which is essential if its aims for the future are 
to be attained. It is evident, however, that success 
in this direction will depend on the extent to which 
it can meet the requirements of these different classes 
of people, some of whom may be interested almost 
exclusively in one special phase of lighting, at pre- 
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sent only very occasionally discussed at the Society’s 
meetings. 


Formation of Special Sections. 


With a view to broadening thus the interests of 
the Society, the creation of a series of sections, each 
dealing with some specific field of work, is proposed. 
As a first step the formation of sections on (1) Archi- 
tectural and Decorative Aspects (including Fittings 
Design); (2) Public Lighting; (3) Physiological 
Aspects of Illumination; and (4) Photometry, is sug- 
gested. During the Session occasional supplementary 
meetings, in addition to the usual monthly meetings, 
would be arranged by these sections. Although de- 
signed to appeal mainly to certain groups, these sup- 
plementary meetings would be open to all members 
of the Society, and the Society should be in a posi- 
tion to publish all contributions presented thereat. 
Other sections might be formed if a sufficient demand 
for them was found to exist. 


Other forms of meetings such as might enhance 
the value of the Society to nembers are being con- 
sidered, for example, occasional lectures by eminent 
scientists on subjects of general interest, for which 
a fee would be paid, and informal meetings or de- 
bates such as would prove attractive to the younger 
members. It has also been suggested that the number 
of visits, which invariably prove popular items, 
might be increased. 


In framing its programme, however, the Society 
should bear in mind that its task is two-fold. It 
should serve as the home of research on all aspects 
of light and its applications, but it should also edu- 
cate in the sense of making known the fruits of its 
work to the multitude. Its prestige depends in a 
great measure on securing original papers of high 
scientific and technical merit. Such papers, however, 
whilst of great value to the expert may be restricted 
in their appeal. It may, therefore, be necessary to 
arrange other meetings, demonstrations, and lectures 
intended to make a wider and more popular appeal— 
to interest the community in illumination and to 
impress on it the value of good lighting in its daily 
life. 


Publication of Transactions. 


This duality of purpose should again be recognised 
in connection with the means of giving publicity to 
the Society’s work. As remarked in the Presidential 
Address, the existing arrangement has, doubtless, 
served the Society well. Yet it is becoming evident 
that the Journal is at present endeavouring to serve 
two functions which can only be combined with 
difficulty—namely, to record the papers and discus- 
sions of the Society, often of a highly technical char- 
acter, and at the same time to offer a means 0 
popular exposition of its ideals. The difficulty is one 
that may become greater as time goes on, since the 
amount of material requiring publication must tend 
to increase as more “ special sections ” of the Society 
are formed. It is now suggested that the existing 
Journal should be divided. The Transactions of the 
Society should be issued separately for the benefit 
of members, with all due attention to dignity of form, 
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accuracy, and scientific character. The Journal 
should operate as a medium for conveying the 
Society’s message in a popular form to a wider 
circle. Both should be available to all members of 
the Society, but the Journal would have a wider field 
to cover and would circulate amongst people outside 
the ranks of the Society, as it does at present. 

One other step recommended in the Presidential 
Address, the appointment of a publicity agent to en- 
sure that the work of the Society receives adequate 
attention in the Press, has already been taken 

We come now to others equally important but less 
easy to realise in the immediate future. 


A Library of Books on Illumination. 


We all hope that in time to come we may be in the 
fortunate position of owning a home of our own. 
This ideal, naturally, could not be realised without 
a very much larger membership than at present. 
There is, however, one feature of such a home which 
might be entered upon in a modest way—the forma- 
tion of a library of books dealing with photometry 
and illumination. Before very long it might be pos- 
sible to hire and equip a suitable room for the pur- 
pose, but even now the formation of a nucleus of 
books might be commenced. This, indeed, is a step 
that should not be long delayed, as there are many 
types of useful books which are already becoming 
scarce and are likely to become more difficult to 
acquire. 

Educational Effort. 


Next, we have a feeling that the Society has not 
explored sufficiently the encouragement of research 
and education in illuminating engineering. Through 
our Technical Committee we have just recently made 
a beginning towards initiating investigations. An 
inquiry now being made at our suggestion by a post- 
graduate student at Birmingham University is a 
hopeful sign, and the Council would gladly encour- 
age other approved researches by financial aid on a 
modest scale where this would be helpful. One more 
ambitious project which we would like to realise 
when the financial resources of the Society permit 
is the initiation of a Travelling Scholarship, or, alter- 
natively, a Research Scholarship. 

The course of lectures on illumination initiated in 
London in 1932 is typical of the kind of effort which 
this Society ought to encourage in connection with 
education. It appears that at present the demand 
would not be sufficient to enable such a course to 
become an annual event, but doubtless this might 
become practicable in the future. In the meantime 
more might be done by means of occasional lectures 
on special subjects, such as would -help to interest 
students in our work and might serve to gain recruits 
for the Society. 


A Diploma for Students. 


The view of the Society and its membership indi- 
cated above evidently makes the imposition of an 
examination as a condition of membership inexpedi- 
ent. It is suggested, however, that the Society 
might well consider—not as a condition of member- 
ship, but merely for the benefit of those who would 
welcome some indication of proficiency—the organi- 
Sation of an annual examination in illuminating 
engineering, on the results of which an elementary 
diploma might be granted. 

Again, it has been suggested that ultimately some 
form of distinction (such as the title of “Fellow ”) 
should be granted to those members who are recog- 
nised to be experts on lighting. In order to be of 
value, however, such an award should be based on 
Some tests of knowledge and experience. 

_ We have left to the end two questions, both of great 
importance but both of considerable difficulty. 

The first of these is the relation of our Society to 
other bodies which are pursuing similar fields of 
Work. The Special Committee is unable at present 
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to make concrete proposals on this topic, but is ex- 
a possible methods of avoiding apparent divi- 
sion of authority or overlapping of effort. 


Proposed Change of Name. 


The second question, which may be in some 
measure influenced by the first, is the choice of a new 
name for the Society. It is felt that the existing name 
is open to two main objections. In the first place it 
does not adequately convey the wide field of know- 
ledge with which the Society professes to deal. In 
the second place it suggests a purely technical out- 
look and thus may deter from joining the Society 
many whose co-operation would be both helpful and 
welcome. 


The Special Committee has discussed this question 
at considerable length. It has not been successful in 
finding a new name that appeals as an entirely satis- 
factory substitute for the present one, but it is put- 
ting forward the description that secured the greatest 
measure of approval, namely “ The Society of Light- 
ing.” This has at least the merit of eliminating the 
word “ engineering,” to which objection is frequently 
taken by those interested mainly in illumination as 
an art. 


Summary of Recommendations. 


At this stage it will be helpful to recapitulate the 
main suggestions so far made. 


The conclusions which seem likely to meet with 
general acceptance and to prove capable of applica- 
tion in the immediate future are:-— 


(1) The scope of the Society, as at present indi- 
cated in the Constitution, should be inter- 
pretated in the widest possible sense, as 
covering all applications, of light, natural 
and artificial. 


(2) The Society is primarily a “ Cultural ” body. 
It aims at interesting users as well as experts. 


(3) A broader title, omitting the word “ Engin- 
eering ” is, therefore, desirable. “ The Society 
of Lighting” seems the best name sug- 
gested at meetings of the Committee (though 
not considered completely satisfactory). 


(4) In order to broaden the interests of the 
Society sections on (1) Architectural and 
Decorative (including Fittings Design); (2) 
Public Lighting; (3) Physiological Aspects of 
Illumination, and (4) Photometry, should be 
formed. Occasional supplementary meetings 
are suggested. Also occasional lectures by 
eminent scientists on subjects of general in- 
terest such as Physics of Light Production, 
for which a fee would be paid. Special 
meetings or displays designed to illustrate 
the nature of good lighting and its value to 
various sections of the public might also be 
arranged. 


(5) The Society should be in a position to pub- 
lish all contributions presented at such 
supplementary meetings. 


(6) The rearrangement of the Journal, so as to 
permit separate presentation of the Transac- 
tions of the Society, under the conditions 
indicated above. 

(7) The formation of a library of books dealing 
with IJlumination seems desirable. This 
could only be organised by degrees, but in 
the meantime. gifts of books might be in- 
vited and efforts made to obtain certain 
books, such as those dealing with the histori- 
cal aspects of lighting, which may become 
more difficult to obtain as time goes on. 


All the above proposals could be put into opera- 
tion without any change in the articles and bye-laws 
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of the Society with the exception of the change of 
name (3); for this the consent of members would 
have to be formally expressed in the manner in- 
dicated in the Constitution, and the approval of the 
Board of Trade would have to be obtained. 


Amongst further steps which, it is hoped, will be 
approved in principle, but which, it is recommended, 
should be deferred until conditions are more ripe 
for their adoption are:— 


(8) The establishment of an Annual Course of 
Lectures on Illumination, (9) the provision of a 
Travelling or Research Scholarship, (10) the award of 
a Diploma based on an elementary examination in 
illuminating engineering, and (11) the award of a 
distinction (such as the title of “ Fellow”) to mem- 
bers proved to have expert knowledge in the applica- 
tidn of light. 


There remains the final question—(12) Relations 
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with Other Bodies—which has only been very imper. 
fectly explored as yet. 


Conclusion. 
The details of most of these suggestions will re. 
quire further study. What is now desired is the 
approval of members on the general principle. 


The expenditure on the proposals contained in 
items (1) to (7) can probably be contemplated with 
a moderate increase in membership, but the more 
extended developments outlined can only be brought 
into operation with a substantial increase in the 
financial resources of the Society. It is therefore for 
those interested to continue their efforts to increase 
the Society’s membership. 

It is also hoped that members will take this oppor- 
tunity of suggesting any further steps that occur to 
them for raising the prestige of the Society or ren- 
dering it more useful to its members. 


DISCUSSION 


Mr. H. HEPworTH THompson, who as President for 
the session 1934-1935 had been largely responsible for 
the proposals covered by the above report, opened 
the proceedings by a brief explanatory statement. He 
concluded by suggesting that the various recom- 
mendations should be presented in turn for the 
approval of those present. 


Recommendation (1) relating to the scope of the 
Society was approved without comment. 


The second recommendation gave rise to some dis- 
cussion, especially in regard to the meaning of the 
word “cultural.” Several of those concerned with 
the drafting of the report explained that the term was 
used primarily to indicate that the Society was organ- 
ised on broad lines to foster knowledge of and 
research in light and illumination, rather than to 
advance professional status—the latter a condition 
that would necessarily restrict membership if it were 
regarded as a primary one. Ultimately this view 
found expression in an amended version, proposed by 
Lt.-Col. KENELM EpGcuMBE which met with general 
acceptance, and was as follows:—“ The Society is 
primarily a body for the advancement of knowledge 
of lighting in all its aspects. It aims at interesting 
users as well as experts.” 


Recommendation (3) relating to a change of title 
for the Society gave rise to a considerable amount of 
discussion. Various alternative mames were 
suggested, but neither these nor that tentatively pro- 
posed in the report (“The Society of Lighting ”) 
secured substantial support. A proposal that the ex- 
isting title “The Illuminating Engineering Society ” 
should be retained, on being put to the meeting, was 
approved by the great majority of those present. In 
accepting this expression of opinion, the chairman re- 
marked that the broader title had been suggested in 
an effort to comply with suggestions made by mem- 
bers from time to time, and Mr. C. C. PATERSON, a 
member of the Special Committee, recalled the diffi- 
culty experienced in finding a name that satisfied 
everyone. It was agreed, therefore, that the decision 
to retain the existing title, even if not entirely satis- 
factory, was the only possible course. 


The proposed formation of sections (4) was next 
discussed. It was explained that such sections would 
be composed of members specially interested in cer- 
tain subjects which, in a technical sense, might de- 
serve discussions several times during the session 
and yet could only figure infrequently on the main 
programme. They were, in fact, designed to meet 
. the needs of specialists. Any such additional meet- 


. formation as opportunity arose. 


ings would, of course, be open to all members of the 
Society, and, conversely, no doubt, papers of out- 
standing merit inviting a wider interest would re- 
ceive consideration by the Papers Committee when 
arranging the ordinary monthly meetings. Some 
discussion took place in regard to the choice of sub- 
jects for sections. In particular the point was raised 
whether meetings devoted to public lighting might 
not overlap those of the Association of Public Light- 
ing Engineers. In this connection the Hon. SEcRE- 
TARY explained that whilst that Association was able 
to arrange an excellent annual conference, it could 
not so easily arrange periodical meetings, as its mem- 
bership was widely distributed. If the occasional 
sectional meetings were arranged he hoped that they 
would also be useful to the Association and that its 
co-operation would be forthcoming. 

Ultimately the idea of forming sections was ap- 
proved in principle, on the understanding that the 
Council would determine which sections were most 
feasible and desirable, and proceed with their 
The other steps 
indicated in (4) were also agreed. 

Items (5) and (6) were approved in principle. 
Some discussion on the form of the Transactions took 
place, some speakers preferring a smaller size of page 
than at present adopted for the journal. The How. 
SECRETARY explained that, if desired, the Transactions 
could be ultimately given this form. For the 
moment, and as a transition step, however, it seemed 
more convenient and economical merely to separate 
out the pages devoted to the Society’s meetings so 
that they could be circulated at the same time as the 
journal. 

The final recommendation relating to the forma- 
tion of a library (7) was carried without discussion. 


Mr. H. HEpwortH THompson’s announcement that 
he proposed to contribute fifteen guineas to this pur- 
pose was received with acclamation by members 
present who warmly expressed their appreciation of 
this generous gift. 

In the course of the discussion some reference was 
made to other matters covered by the report, notably 
to the desire expressed that some recognition should 
be made of the knowledge and acquirements of mem- 
bers who were definitely experts in illuminating 
engineering. In this connection the projects of con- 
ferring a diploma or the title of “ Fellow” were dis- 
cussed; in regard to the latter distinction it was urged 
that any such title should not be too widely granted. 
but only to a limited number of members recognise 
to possess the requisite qualifications. 
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Modern Views on Street Lighting 
and their Relation to Visibility 


by F. C. SMITH, F.C.S., Assoc. M. Inst. Gas E. and K. F. SAWYER, B.Sc. (Gas Light and Coke Company) 


(Delivered at the Twelfth Annual Meeting and Conference of the Association of 
Public Lighting Engineers, held in London, on September I/Ith, 1935.) 


Introduction. 

Few aspects of illuminating engineering have re- 
ceived more attention during the past three or four 
years than the technique concerned with the lighting 
of our public thoroughfares. In this country and 
abroad the problem has been studied intensively, 
and gradually there appears to be emerging a clearer 
appreciation of the many factors involved. 

A superficial examination of the expressed views 
of various workers would make it appear that their 
resulting practice differs fundamentally. In reality 
it seems that a fair measure of agreement exists, and 
that the essential differences lie in the degree of rela- 
tive importance attached to the various factors. In 
addition we believe that much work remains to be 
done, especially in a direction which, up. to the 
present, has been somewhat neglected, possibly on 
account of the inherent difficulties in the investiga- 
tion. The factor referred to is the kinetic term. 
which has been recognised and referred to by M. Cohu 
and others, and this is not determinable solely 
by the usual physical measurements familiar to light- 
ing engineers. It will be agreed that the appraise- 
ment of a street lighting installation solely in terms 
of measurements made by stationary observers upon 
stationary test objects, may not represent the actual 
working conditions. Such measurements do not take 
into account the kinetic aspect and its effect upon 
the physiological and psychological response of the 
road users. Even if all the factors influencing the 
effectiveness of street lighting installations were 
known, assessed in relative importance, and were 
under control, the individuality of streets would still 
require a variety of technique in order to ensure 
optimum conditions. 

For this reason it is futile to expect any street 
lighting specification to cover completely the many 
and varied conditions met with in practice, and it 
must remain with the public lighting engineer to 
combine the essentials of the specification with his 
knowledge of the practical requirements of the street 
in question. 

The purpose of this paper is:— 

(a) To enumerate the factors as far as they are 
known, which are of importance in promot- 
ing good visibility. 

(b) To stimulate interest in the further study of 
the kinetic aspects of the problem, and to 
this end a film and photographs are pre- 
sented. 


(c) To review the British Standard Specification 
in the light of the more recent work and ex- 
perience of lighting engineers. 

In addition an appendix is added, which gives de- 
tails of a rapid method for constructing iso-foot candle 
diagrams, which we hope may be of interest to light- 
ing engineers. 

Promotion of Visibility. 

It is commonplace to say that the object of street 
lighting is to promote visibility, but in this simple 
statement is inherent one of the greatest difficulties 
of the problem. 

Anyone connected with street lighting will under- 
stand in a general way what is meant by visibility, 
but the term has never been defined in an entirely 
satisfactory manner. It seems we mean that when 
visibility is good one can see objects with ease, but 
no one, as far as we are aware, has yet been able to 
propose a scale of numbers which can be determined 
by physical measurement, and which will assess the 
order of visibility in a given thoroughfare. 

The absence of such a scale is a fundamental 
difficulty in appraising the true “revealing power” 
of a street lighting installation, and has compelled 
the adoption for specification purposes of measur- 
able criteria, such as candle-power, illumination or 
brightness. 

Much of the criticism directed against the British 
Standard Specification for Street Lighting is due to 
failure to recognise this inherent difficulty. Lighting 
engineers have become so accustomed to such terms 
as foot-candles, etc., that there is danger of losing 
sight of the fact that these figures are but substitutes 
for something which, in our present state of know- 
ledge, cannot be measured directly. 

As is well known, the ability to see an object de- 
pends upon a contrast in brightness between the 
object viewed and its background, the smallest per- 
ceivable difference of brightness depending upon the 
absolute level of the field brightness. Under favour- 
able circumstances the smallest perceivable differ- 
ence of brightness may be as low as 1.0 per cent. of 
the field brightness, but when glare is introduced in 
the field of vision this percentage increases rapidly. 
The cause of this decreased sensitivity is referred 
to as disability glare. 

Other factors affecting visibility will be considered 
later in this paper, when the kinetic aspect is further 
developed. So far it is clear that the aim of a de- 
signer of an installation should be:— 
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(1) To secure good contrast in brightness 
between the object to be seen and the back- 
ground. 

(2) To avoid loss in available contrast conse- 
quent upon disability glare. 

The first part of this paper is concerned with a re- 
view of the factors influencing the contrast the light- 
ing engineer can provide, and consideration is given 
as to how far these factors are under control. For the 
sake of clarity, the term contrast in this paper means 
the ratio of the brightness of the object viewed to the 
brightness of the appropriate background. It is con- 
venient, therefore, to study in turn the conditions 
affecting the brightness of the object and that of the 
background. 


3 Brightness of Object. 


This is dependent upon the flux of light falling 
upon, and the reflection coefficient of the object. The 
former is under control in so far as the lighting en- 
gineer can arrange for practically any required dis- 
tribution, and can provide the flux required, assum- 
ing no financial limitation, but he has no control of 
the reflection coefficient of the object he has to illu- 
minate. 


Brightness of Background. 


It becomes important at this stage to study the con- 
stitution of the backgrounds, and it is here that the 
public lighting engineer is called upon to exercise con- 
siderable individual judgment. 


Any or all of the following may constitute the 
background at any moment:— 


(1) Road surface, pavement, or grass verge. 
(2) Buildings, hoardings, fences, trees, etc. 
(3) Fields and similar open spaces. 

(4) Sky. 

(5) Other vehicles. 


It must be recognised, however, that under prac- 
tical conditions the background viewed is always 
changing, and, in consequence, the lighting of any 
given background without regard to the require- 
ments of other equally important backgrounds, may 
prove disastrous. 

There has grown up, in our opinion, a tendency to 
regard the road-surface as the all-important back- 
ground, and, in consequence, to under-estimate the 
importance of others. 


In order to obtain data as to the relative impor- 
tance of these backgrounds, a film camera, operated 
by a photographer sitting next to the driver in a 
saloon car, was employed. 

The driver was instructed to drive from Nine 
Elms-lane to Harrow. Both the driver and the 
operator were quite unaware of the object of the 
film, and the camera was operated for a few seconds 
every ten seconds along the route without regard to 
traffic conditions within the field of view. 

From a negative of this film a print was made of 
every twentieth frame. 

From these photographs a careful analysis was 
made of the composition of the background, against 
which any object in the roadway must be seen. The 
background in every case consists, in whole or part, 
of:— 

(1) The road-surface. 

(2) Pavement, including kerb. 

(3) Buildings bordering the road, and including 
trees (not necessarily lining the road); 
fences and hoardings. 

(4) Other vehicles. 

(5) The sky. 

The outline of each object was divided into ten, 
and the number of tenths of this outline seen against 
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each of the five components of the background, as 
detailed above, was computed. About 360 objects 
were so examined, and the average results are shown 
in Tables I. and II. 


TABLE I. 
Table showing relative importance of the road as 
background. 





of object 
seen entirely 
against road. 
line of object 
seen against 
road 
Outline seen 
against all or 
some of the 
various back- 
grounds 
mentioned. 








Total number 
of objects con- 
sidered 
Whole outline 
No part what- 
ever of out- 





no) 
) 
2 


Mechanically 

propelled 

vehicles... 206 1.9 . 94.7 
Carts, trucks, 

vans, ete. ... 53 Nil ; 92.5 
Cyclists on 51 Nil i 92.1 
Pedestrians 

(in road) ... 49 Nil , 85.7 





The last column of Table I. requires further analy- 
sis to show how the outline is distributed over the 
various backgrounds. This is carried out in Table II. 
hereunder. 


TABLE Il. 


Table showing average percentage of outline of object 
seen against the various backgrounds. 


Buil- Other 





Pave- 
ment. 


dings. | Vehicles. | Sky. 


Road. 





Mechanically 

propelled 

vehicles er 8 41 12 6 
Carts, trucks, 

vans, etc. ... 22 28 46 4 Nil 
Cyclists “a 22 10 2 
Pedestrians (in 

road) i 13 34 20 Nil 
Pedestrians (0 

kerb, about to 

enterroadway) 12 42 46 Nil Nil 





The control that can be exercised over the bright- 
ness of the viewed object has already been discussed; 
it remains to consider how far the brightness of the 
appropriate background is under control. 


Roap SURFACE. 


The brightness of the carriage-way at any point is 
dependent upon three factors:— 


(1) Intensity of the light in a given direction. 


(2) The material composing the surface and its 
condition at that point. 


(3) The angles of incidence, reflection, and bear- 
ing subtended by the observer at the point.* 


In regard to (1), this is entirely dependent upon 
the distribution of light and for practical purposes 1s 
completely under control. 

In regard to (2), this is not primarily under control, 
although it is to be hoped that increasing recognition 
will be given to requirements of the illuminating 
engineer in this connection in the future, that 1s, 
assuming them to be consistent with economic and 
safety conditions. In point of fact, however, the 
lighting engineer must always be called upon to deal 
with many and varied types of surfaces. Moreover, 
the condition of any given surface is not constant, the 





* See J. M. Waldram.— Road Surface Reflection Charac- 
teristics and their Influence on Street Lighting Practice. 
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weather, usage, and age all contribute to the uncer- 
tain condition of the surface. Variations in camber, 
gradient, etc., have also to be contended with. 


Considerable work has been done in this country 
and abroad to obtain quantitative data in regard to 
the reflection characteristics of certain surfaces. 


The following table has been abstracted from the 
results given in a recent communication from the 
French Secretariat to the International Illumination 
Congress, and serves to illustrate the marked effect 


_ of varying road surfaces upon the resultant bright- 








ness.* 
Angle of | Angle of |Angle of Reflection 
Surfacet hhactiinien. ledeeden. Bearing.| Factor. 
Compressed Asphalt ... 40° 40° 0 0.08 
60° 0 0.083 
75° 0 0.09 
85° 0 0.115 
do. 87° 40° 0 0.16 
60° 0 1.5 
75° 0 11.0 
85° 0 40.0 
Wood Blocks .............. 40° 40° 0 0.06 
60° 0 0.075 
75° 0 0.09 
85° 0 0.12 
do. 87° 40° 0 0.13 
60° 0 0.8 
75° 0 3.0 
85° 0 8.0 
SN snes sep aninyon nodes 40° 40° 0 0.08 
60° 0 0.095 
75° 0 0.105 
85° 0 0.12 
de. 87° 40° 0 0.18 
60° 0 0.7 
15° 0 3.0 
85° 0 15.0 





{+ Surfaces removed from Paris roads. 


Assuming a brightness in arbitrary figures of 40° 
has to be achieved at a given point on the road receiv- 
ing light from one source at an angle of 87°, and 
viewed by an observer at an angle of 85° (reflected 
and incident rays in the same vertical plane), then 
the necessary candle-powers to achieve this result 
on all three of the surfaces referred to in the table 
will have to bear the following proportionality to 
each other:— 

Surface. 
Compressed Asphalt ...... 
WHE TUNOOME css cencssevesss 
I cad naccvteonane ye 


Required Intensity. 


oor 


aj 


As far as we are aware, no measurements have 
been published to show how the reflection factor will 
change with varying conditions of weather and 
usage, but it is common knowledge that the appear- 
ance of certain surfaces changes in a marked degree 
in wet weather, and this would indicate considerable 
changes in reflection values, possibly for certain sur- 
faces of the order of 10 to1. It is apparent, therefore, 
that the designer will be called upon to light sur- 
faces which differ in a marked degree, and that re- 
flection factors will change with new road dressings, 
usage, and weather conditions. Over these factors he 
will have little or no control. 





* Premier résultats des essais effectué par la Société pour 
le Perfectionnement de |’Eclairage pour la determination des 
Caractéristiques refiéchissantes des divers revétements 
utilisés dans les voies publiques. By MERRY COHU. 
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Photograph I., which will be referred to again later 
in this paper, is of interest in this connection. The 





Photograph 1. 


left-hand side of this road has recently been re- 
dressed. The effect upon the reflection properties of 
the road is apparent. 


BUILDINGS, HOARDINGS, FENCES, ETC. 


The designer, having surveyed the ground for the 
proposed installation, must then assess the importance 
to be attached to these backgrounds. In the case of a 
long straight road with buildings set back a consider- 
able distance, these, in the writers’ opinion, are of 
secondary account, but at bends and road junctions, 
they are often of paramount importance. 

As is well known, much can be accomplished by 
the careful arrangement of sources (i.e. on outside of 
bends, etc.), and the distribution of the source can 
be modified so as to illuminate the appropriate sur- 
face. Frequently this may have to be done at the 
expense of test point illumination, in so far that it is 
desirable to allow the flux that would normally be 
redirected towards the test point to fall upon this 
background. It is unfortunate that some of these 
backgrounds, in practice, have low reflection factors, 
but much may be accomplished by co-operation with 
Municipal Engineers and the owners of bordering 
property. 

Photograph 2 is of interest in this connection. The 
road in question is fairly well illuminated. Danger 
arises from the nature of the background at the bend 





Photograph 2. 


of the road. Although it may not be apparent from 
the photograph, a car is standing at this point and is 
almost entirely invisible—a typical illustration of 
danger arising from ill-considered lighting of appro- 
priate backgrounds. 
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Photograph 4. 
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Photograph 3 is of the same place. A man can just 
be discerned leaning against the tramway pole. 
Actually the man is more visible in the photograph 
than he actually appeared to the observers, since 
glare from the nearest lamp reduced visibility for 
the observers, but was not registered by the camera. 
A piece of white paper was fixed against the fence, 
and the road rephotographed (see photograph 4). 

The times of exposure, type of plates, time and 
temperature of development were the same for photo- 
graphs 3 and 4. The improvement due to the whiten- 
ing of the fence is apparent. 

Photograph No. 5, which is of another part of the 
same road, also emphasises the importance of the 
background. The view is of a right-hand bend, and 
a car may be seen near the light source on the left- 





Photograph 5. 


hand side of the picture, silhouetted by slight contrast 
against a black background. A pedestrian about to 
step into the road is completely invisible. The spot 
where the pedestrian is standing is marked by a small 
white spot on the photograph. cas 

The photograph over-emphasises the visibility of 
the car. This is another example of a danger spot 
arising from the ill-considered treatment of the back- 
ground. The poor visibility here was accentuated by 
a glare source of high candle-power situated directly 
in the line of vision. 

FIELDS. 

The background here will in general be of very 
low reflection value and of such a nature that little 
use can be made of it. It would appear best under 
these conditions to direct the whole of the available 
flux on to the road surface. 


SKY. 

This is frequently the background where roads are 
undulating, often becoming the sole background at 
the crest of a rise or bridge. Probably the most im- 
portant consideration under these conditions is the 
avoidance of glare. Engineers may well adopt, under 
these circumstances, some ::pecial means of eliminat- 
ing glare such as the provision of “cut offs,” opal 
shades, etc 

VEHICLES. 

The importance of this background is obviously 
dependent upon the traffic density; where this is 
high, the mode of lighting will be greatly influenced 
by this consideration. We have in this case to ensure 
contrast between vertical surfaces, and it seems rea- 
sonable to suppose that vertical illumination is the 
primary factor. Under these conditions a high flux 
and relatively close spacing are desirable. 


Many factors intimately affecting contrast are not 
under the control of the public lighting engineer, 
and, indeed do not remain constant. A rigid contrast 
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requirement is impossible, but much may be done 
by giving attention to the various considerations 
raised in this discussion. A survey of the thorough- 
fare by a competent lighting engineer is essential to 
a satisfactory installation; no installation can be com- 
pletely planned on the drawing board. 


Glare. 


’ It is a matter of common experience that in generai 
the levels of illumination under street lighting con- 
ditions are comparatively low, and, in consequence, 
any factor such as glare, which tends to reduce the 
sensitivity of the eye, is a factor of extreme import- 
ance. 

It must be realised, however, that glare is a general 
term applied to many visual effects.* At the present 
stage of our knowledge it has become common to 
divide this phenomenon into two principal effects : — 


(a) Discomfort glare. 
(b) Disability glare. 


(Other aspects of glare will be referred to later in 
this discussion.) 


Discomfort glare may be considered broadly to 
result in an irritating effect which does not have the 
immediate result of reducing the sensitivity of the 
eye. Its effects, however, may be cumulative and 
finally result in impaired vision, eye strain, etc. 


On the other hand, disability glare results in an 
immediate increase in the least perceptible contrasts 
the eye is able to appreciate at the given brightness 
level of the field. It is probable that a subject driv- 
ing under adverse conditions of disability and/or dis- 
comfort glare will make unconsviously additional 
effort to see, which is likely to result, over a pro- 
longed period, in undue fatigue 


Luckiesh and Moss have endeaveured to measure 
the nervous muscular tension resulting from glare; 
but, as far as is known, this aspect has not been con- 
sidered in any great detail in relation to street 
lighting. 

As disability glare is the more direct and easier of 
assessment it is usual to assess the glare characteristic 
of a street lighting installation in terms of disability 
glare, but discomfort glare which is partly psycho- 
logical in its effect must not be overlooked. It must 
be confessed, however, that the evaluation of glare 
for a street lighting installation is a matter of the 
greatest difficulty and, in consequence, no satisfactory 
clause has yet been drafted which can be readily 
applied under practical conditions. An attempt was 
made in the 1927 edition of the B.S.I. Street Lighting 
Specification, but subsequent work in this country on 
disability glare (notably by W. S. Stiles) has indi- 
cated that whilst the fundamental factors were to 
some extent appreciated, the clause was inadequate 
and led to results which were not wholly in accord- 
ance with experience. The attractiveness of the 
clause was in the simplicity of its application, since 
only a knowledge of the distribution curve for the 
fitting was necessary in order to apply the curves 
given in the specification to obtain a value for G, the 
glare figure. 

It is necessary, however, in order to appreciate the 
limitations of the clause to examine the factors which 
were taken into account in establishing the curves. 
These were as follows :— 


(1) The vertical illumination produced at the 
observer’s eye due to the nearest lamp; 

(2) The angle of separation between axis of 
vision and the glare source; 

(3) The brightness of the background as com- 
puted in terms of the appropriate minimum 
horizontal illumination for the particular 
class. 





* See Classification of Glare Phenomena—British Secre- 
tariat Report, I.C.I., 1935. 
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Further work since the publication of this speci- 
fication has indicated that the glare clause based upon 
the above considerations was upon the right lines, 
but inadequate, for the following reasons :— 


(a) The glare effect of the first lamp only was 
considered, but it has been shown that as 
much as 70% of the total glare effect may be 
due to more distant lamps. 


(b) The evaluation of the brightness of the back- 
ground in terms of minimum horizontal illu- 
mination is unsatisfactory, a low value for 
background brightness resulting in too high 
a value for G, and vice versa. 


As a result of considerable laboratory work, an 

equation has been proposed of the form:— 
K [E E 
Berra 1 2 
e=14+5 [& + i + idhinbeheeorsanens | 

where E, and E, . . . are the vertical illuminations 
in foot-candles at the observer’s eye due to the respec- 
tive sources, 6, and @... are the angles in degrees be- 
tween the line of sight and the respective sources, B 
is the brightness of the field expressed in candles per 
sq. ft., and K and n are constants found by experi- 
ment to have the values 11.0 and 2.1 respectively. 
It will be seen that when glare is absent, the value of 
G=1. This formula has the merit of taking into 
account the vertical illumination due to the distant 
sources, but the difficulty in its application, as pointed 
out by Stiles, lies in deriving a true value for B. It 
was suggested by Stiles at the time of publication 
that the best that could be done to evaluate B was to 
assume an arbitrary diffuse reflection factor for the 
road of, say, 10%, and to couple this with a calculated 
value for the average horizontal illumination. 


Since this work was done, instruments have been 
designed for, and observations made of, road surface 
brightness. In addition, work is in progress, both at 
home and on the Continent, to determine the value 
of road reflection coefficients, which, when complete, 
will be of great value in predicting the brightness of 
road surfaces under defined conditions. 

The factors influencing disability glare may be 
conveniently separated into two parts:— 

(a) Brightness of the field of view. 

(b) A factor combining the vertical illumination 
at the observer’s eye and the angle of 
separation. 


FAcToR (a). 


Modern work indicates that the brightness of the 
background in the immediate vicinity of an object 
is many times more important than the general level 
of brightness of the larger field. This fact would 
appear to simplify the assigning of an appropriate 
value for B in the glare formula, and for a stationary 
object seen against a background of known reflec- 
tion characteristics, it is possible to estimate with 
fair precision the brightness of this restricted field. 
In practice, however, objects are not as a rule 
stationary, neither have the backgrounds equal and 
unvarying reflection properties, and hence the value 
of the glare estimated on these assumptions is un- 
likely to be an accurate prediction of the effects which 
will be experienced when the installation is erected. 


Factor (b). 


The vertical illumination at the observer’s eyes 
is given by the well-known formula:— 
Ig sin*6 cos 6 


edi (H—height of observer)’ 





where @ is the angle which the incident ray makes 
with the horizontal, and H is the mounting height. 
For practical purposes @ may be assumed to approxi- 
mate to the angle of separation under consideration. 
The denominator of this expression is a constant in 
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any given case, and, therefore, E, may be considered 
as proportional to lg sin’®. cos @ As has been 
stated elsewhere, the value of the disability glare 
produced by a constant vertical illumination at the 


observer’s eye is inversely proportional to tt It 
is of interest to calculate the values o ee 


for various values of @. 


The values are shown in the following table:— 


9 sin ae 6 
os .000305 
r .000284 
3° .000272 
4° .000264 
5° .000258 
6° .000252 
: fa .000248 
&° .000243 
9° .000239 
10° .000236 
12° .000229 
14° .000223 
16° .000215 
18° .000210 
20° 000204 


in 2A ¢ 

It will be seen that the values of om 
:emain sensibly constant over a range 6 =5° 6= 15°, 
If these values were constant over the whole range 
of angles, the candle-power the same for each angle, 
and the background brightness uniform, then an 
observer travelling along the road would experience 
a constant disability due to glare. In others words, 
under these conditions the contribution to the total 
glare from each source is the same, the actual value 
of the glare depending on the ratio of Ig to B. In 
practice, sources having uniform distribution 
curves are seldom, if ever, employed, and maximum 
intensities usually occur at from 5° to 15° below the 
horizontal. Assuming for the moment a constant 
value for the brightness of the restricted field, it will 
be seen that the contribution to the total disability 
glare from the distant sources decreases as the maxi- 
mum intensity makes greater angles with the hori- 
zontal. The assumption that the brightness of re- 
stricted field will remain constant under the above 
conaitions is contrary to experience, since the reflec- 
tion properties uf certain backgrounds (more par- 
ticularly road surfaces) decrease with decreasing 
angles of incidence with a consequent lowering of 
the background brightness. These two effects tend 
to neutralise one another, the ultimate result upon 
the glare figure being dependent upon the form of 
the distribution curve and the properties of the back- 
grounds. In two otherwise identical installations the 
absolute value of the glare figure will depend en- 
tirely upon the nature of the road surface. From 
considerations of the rate of increase of the reflec- 
tion factors of the road surface for light at increasing 
angles of incidence, it has become common practice 
by some engineers to employ a high intensity beam 
near the horizontal to produce a high brightness of 
ihe road surface. 

At this point it may be useful to refer to some 
personal observations made by Mr. Preston S. Millar 
in a communication sent to the British Secretariat 
Committee dealing with glare. These observations 
were printed in the Secretariat report recently pre- 
sented to the I.C.I. 

“Glare effects in reducing visibility in streets at 
night may be diminished:— 

(a) By increasing the angular separation be- 
tween the glaring source, and the centre of 
the field of view. 
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(b) By reducing the candle-power of the source 
in the direction of the observer. 


(c) By reducing the brightness of the glare 
source in the direction of the observer. 


(d) By rendering brighter the immediate en- 
vironment of background of the glare source. 


(e) By increasing the brightness of the general 
field of view. 


Visibility in streets at night may be increased by 
providing more illumination and/or by increasing 
the brightness of the roadway. Or, it may be in- 
creased by diminishing the degrees of glare. 


Numerical relationships, between these two 
means are not well established, but it is believed 
that the ratio of increased visibility accomplished 
through decrease in glare to that achieved by in- 
creased illumination intensity is relatively large.” 


Returning again to the previous considerations and 
referring to the statements quoted, it appears 
established that high-mounting heights are desirable 
in order to increase the angle of separation. 

In designing an installation the engineer has a 
choice of two methods. 


(a) High intensity beam at small angles with 
the horizontal. 


(b) The maximum beam to be at say 15° or 
thereabout with the horizontal, with com- 
paratively low candle-power values at the 
smaller angles. This second method can be 
carried still further, and a cut-off fitted down 
to say 5° below horizontal, or alternatively 
an opal cylinder fitted of similar dimensions 
to the cut-off. 


In the first case reliance is placed upon the high 
brightness of the field off-setting the effect of high 
vertical illumination at the eye, in the second case 
the vertical illumination at the eye is reduced. 


It must be frankly admitted that at the present 
state of our knowledge there is room for difference 
of opinion as to the relative effectiveness of the two 
methods in reducing disability glare. 


The work done by Dr. Klein in Germany would 
seem to support the latter method. Dr. Klein indi- 
cates that both discernment and speed of recognition 
of the object viewed is prejudiced if high intensity 
beams are used at angles above about 15° with the 
horizontal. One of the present authors was much im- 
pressed during a recent visit to Germany to see that 
opal cylinders, etc., were much employed even in the 
modern installations to diminish the candle-power at 
angles near the horizontal. Without wishing to pre- 
judge the results of any work that may be under con- 
sideration, the authors, so far as their experience and 
knowledge of the subject enables them to form an 
opinion, favour the avoidance of high intensity beams 
at angles near the horizontal, and advance the fol- 
lowing observations in support of their opinion. 


The absolute value of the brightness of the 
road surface for any given installation must 
depend upon the characteristics of the road 
surface. 


The engineer cannot insist that the road surface 
most suited to the projected installation is 
selected. 


Moreover, the characteristics of the road surface 
change with usage, weather conditions, etc., 
and several dressings not necessarily having 
the same optical properties may be applied 
during the life of the installation. It follows 
that if the major reliance is placed upon 
securing a given range of field brightnesses, 
the engineer is relying upon a factor over 
which he has not complete control. 

On the other hand the character of the distri- 

bution is under the control, and there can be 
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little doubt that if an opal cylinder or the 
like is used, both disability and discomfort 
glare are reduced tc a minimum. 

Some criticism may be made of the formula for 
estimating glare in that it implies that equal incre- 
ments of glare are accompanied by correspondingly 
equal decrements of visibility. Recent work suggests 
that this is not true; but the formula as it stands is 
probably near enough to the truth to indicate the 
nature of the factors involved and the manner in 
which they operate for a stationary or slow-moving 
observer. 

Much work of a fundamental nature must be done 
before the public lighting engineer is able to give a 
figure for an installation which will be a true index 
of the disability and discomfort occasioned by glare 
sources. 

Space will not permit of detailed consideration of 
the various aspects of glare and their effects upon the 
visibility, but the classification given in the Secre- 
tariat report to the I.C.I. is suggestive, and merits 
study. In this classification the effects of glare are 
classified under the following headings:— 


A. Sensation of discomfort, distraction or strain. 

B. Measurable reduction in visual capacities, or 
in the efficiency of performance of work in- 
volving vision in some degree. 

C. Modification in the involuntary physiological 
reaction to the situation. 

D. After image and irradiation effects. 

E. Pathological after effects. 


There can be little doubt that some, if not all, of 
these effects are operative under street lighting con- 
ditions, and will need to be assessed and allowed for 
before the glare problem may be considered as solved. 

In addition, as the classification suggests, the line of 
vision is not always fixed. Indeed, in street lighting 
problems the direction of vision may be assumed to 
wander without restraint over the whole or larger 
part of the field of view. Objects too are seen by foveal 
and extra foveal vision. Moving objects have to be 
seen by subjects who are themselves moving. All 
these and many other factors are of importance in 
considering the promotion of visibility by public 
lighting. 

Kinetic Conditions. 


Under practical conditions of street lighting the 
light stimulus received promotes a_ psychological 
response which finally results in some physiological 
action. It follows that factors which are subjective 
are of importance in street lighting practice. 

Moreover, since moving objects are frequently to 
be observed by subjects not at rest the kinetic con- 
dition is of the utmost importance 

This is a sphere of work involving the psychologist, 
the physiologist and the illuminating engineer, and 
there can be little doubt that the safe lighting of our 
thoroughfares requires co-operation between workers 
in all three fields. 

The necessity of co-operation between the physi- 
ologist and the lighting engineer will be apparent 
from what has already been said in regard to glare, 
and, indeed, it is accepted in the recognised definition 
of luminous radiation. Moreover, little imagination 
is required to appreciate that psychology plays a not 
unimportant part in the lighting problem. 

To make such a statement is simple, and the truth 
of the statement will be generally accepted, but diffi- 
culty arises immediately an attempt is made to formu- 
late some method of test which will indicate to the 
street lighting engineer the correct technique to 
satisfy this trinity of requirements. 

Much of the work carried out by the street lighting 
engineer has been under static conditions, and with- 
out wishing to appear critical of these efforts this 
fact alone, in the writers’ opinion, may have led to 
incorrect deductions for lighting requirements. 

Without desiring to labour the question of 
physiological response, and purely as illustrative, 
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mention may be made of the deductions that are 
sometimes made as to the merits of a street lighting 
installation from photographs taken under static and 
uncontrolled conditions. 

Photographs 6, 7, and 8 are of the same thorough- 
fare taken on plates from the same packet, developed 
and printed under precisely similar conditions. The 
ratio of the times of exposures were as follows: — 


Photograph No. 6 — exposure time 1. 
Photograph No. 7 — exposure time 3. 
Photograph No. 8 — exposure time 9. 





Photograph 6. 





Photograph 7. 





Photograph 8. 


Examination of photograph No. 6 will indicate that 


an object placed between the second and third lamp 
is almost invisible, whereas the object is clearly 
visible in photographs Nos. 7 and & 
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Moreover, the brightness of the road appears to be 
very good in the case of the negatives with prolonged 
exposure, and very inferior in the other cases. In 
certain of these photographs the name on the facia 
is clearly visible, but in the evening this name was 
not visible to those in the street at the position of the 
camera, again mainly on account of glare. 


Photographs Nos. 1, 9, and 10 were taken under 

similar conditions. The exposures were as follows:— 
Photograph No. 1 — 15 min. 
Photograph No. 9 — 5 min. 
Photograph No. 10 — 45 min. 

Unfortunately day was beginning to dawn when No. 


1 was taken and, in consequence, the sky light is over 
emphasised ; 


Again, an object clearly visible in Nos. 1 and 10 is 
entirely invisible in No. 9. 





Photograph 9. 





Phctograph 10. 


Photographs do not give a correct impression of 
what is seen unless they are taken under scientifically 
controlled conditions, since the chemical effect of 
light upon the emulsion is cumulative, whereas, once 
eye adaptation has occurred, no such cumulative 
effect is experienced by the eye. 


Further, the data usually given by the illuminat- 
ing engineer may fail to convey a true appreciation 
of the merits of the lighting of a street unless accom- 
panied by some form of test which takes into account 
the physiological and psychological response of the 
subject under the actual conditions experienced in 
the street. 


Photograph No. 11 is included, as it may be of in- 
terest. This print is faked by shading the negative 
during the printing process. The fake may not be 
obvious to the inexperienced eye, but the authors 
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Photograph 11. 
have seen photographs used in catalogues, etc., 
which were obviously faked in a similar manner. 
Engineers of standing will deprecate such practices. 

Reference has already been made to the difficulty 
of outlining any test or tests which can be made 
under kinetic conditions and which will take into 
account the factors of response previously referred 
to. 

One of the authors was privileged to discuss this 
matter with Dr. Halbertsma during the I.C.I. Con- 
gress at Berlin, and as a result of this discussion it 
was considered that a test carried out on the follow- 
ing lines might be of interest. 

A route should be selected along which were a 
series of street lighting installations differing in 
character and intensity. Each installation should 
be of appreciable length, say, not less than 1 mile or, 
preferably, 14 miles in length. A number of motor- 
ists should be requested to drive over the route in 
various types of vehicles. It is of importance that 
the drivers should be unaware that any tests were 
being made, so that abnormal conditions are not in- 
troduced. Each car to be fitted with a recording 
device to indicate the speed, etc., attained and main- 
tained on any part of the route. 

It is possible that an analysis of a very large num- 
ber of these charts upon a statistical basis would 
indicate that the majority of the drivers found it 
necessary to reduce speed or take especial precau- 
tions at certain parts of the route. A very careful 
examination could be made of these interesting parts 
of the route, and a reason or reasons could be 
assigned for the additional care exercised. 

It is easy to suggest a number of tests of a similar 
character which could be tried: for instance, records 
could be made of the conditions under which the 
majority of drivers found it expedient to use head- 
lights over the prescribed route. If these, or similar, 
tests were carried out on a fairly ambitious scale, it 
is possible that information would be obtained that 
would reveal the weaknesses of the installations 
examined and enable broad principles to be estab- 
lished which, if applied, would be conducive to 
greater safety on the roads. 

A similar set of experiments could be made by 
pedestrians so that their requirements under prac- 
tical conditions were also considered. It is apparent 
that such experiments must be carried out under 
controlled conditions, and that the results would 
Tequire interpreting by those skilled in statistical 
analysis. 


B.S.I. Street Lighting Specification. 


This specification has been subjected to searching 
criticism, and there can be little doubt that many 
amendments and revisions will be necessary before 
an entirely satisfactory specification is available. 

It is well to remember, however, that a measure of 
agreement between all interested parties upon a 
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basis of established good practice must always be 
secured before a British Standard Specification can 
be issued or amended; on the other hand, it is freely 
conceded that a specification lagging behind new 
developments is an encumbrance which is not to be 
tolerated. 

Ignoring ignorant and ill-informed criticisms of 
the street lighting specification as unworthy of seri- 
ous comment, it must be admitted freely that many 
whose opinions are entitled to the utmost respect 
feel, and feel very keenly, that the specification in 
its present form operates unfairly against new devel- 
opments of undoubted interest and importance. On 
the other hand, there are others who do not share 
this view, and believe that all these new develop- 
ments can find equitable expression within the 
present specification. 

A street lighting installation is. erected to promote 
safety for the motorist and pedestrian alike during 
hours of artificial lighting, and the safety of both 
these road users presupposes their ability to see with 
reasonable ease. The inherent difficulty in drafting 
a street lighting specification is that many of the 
factors affecting visibility in the streets are imper- 
fectly understood and arising out of this, if not in 
consequence of it, no scale for visibility exists by 
which the visibility requirement for the installation 
can be specified. 

This fact, as has been pointed out before in this 
paper, necessitates the adoption of criteria which in 
practice are likely to provide an index most in 
accordance with what practical experience dictates 
as desirable. There can be little doubt that factors 
other than light flux, distribution of flux and 
arrangement of sources are of importance in secur- 
ing visibility, and that over some of these other re- 
quirements the lighting engineer has little, if any, 
control. 

It is well to remember that the B.S.I. Specification 
for street lighting is, after all, a specification often 
forming the basis of contract obligation, and it is 
unreal to seek to impose requirements assuming a 
control which the lighting engineer does not possess. 

A further criticism of the specification which has 
been urged repeatedly is that it is too complicated 
and, in consequence, little used. 

Another criticism of the specification is that it is 
possible for two or more installations to comply with 
the requirements for a given class, and yet differ 
widely in many respects from each other; within 
limits the authors do not agree that this is of neces- 
sity undesirable. 

A lighting code may be so general as to become 
valueless and allow very inferior installations to 
comply with the requirements; on the other hand 
a code may be so specific that an installation judged 
to be of equal merit to another may be ruled out 
simply because the code is so specific. 

We believe the B.S.I. Specification, whilst permitting 
of differing types of installation, satisfying the re- 
quirements, is in general sufficiently specific as to 
rule out installations which are obviously inferior 
as judged by present day standards. 

So much has been said in criticism of the B.S.I. 
Specification that there is danger of losing sight of 
its undoubted merits. It may be useful to state briefly 
the case for the specification as the authors see it. 


(1).—A review of the various national codes 
establishes beyond question that the B.S.I. Speci- 
fication is the most complete and ambitious state- 
ment of the requirements for street lighting yet 
available. So far as the authors have been able to 
discover, no other national code has yet formed 
the basis of a specification of national standing. 

It is possible that the criticism of complication 
arises out of the endeavour to make the specifi- 
cation thorough and sufficiently specific. 

(2).—The criteria adopted, which must not be 
divorced from the other equally important require- 
ments to be referred to later, is that of minimum 
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illumination on the highway. It is the function of 
the street lighting engineer to provide light and 
distribute it in a manner best suited to the re- 
quirements of the particular thoroughfare. 

A minimum illumination requirement, coupled 
with a recommended height, and the limiting spac- 
ing height ratio permissible for the class does en- 
sure that a minimum flux of light is available to 
illuminate the highway. 

It can be argued, and argued truly, that it is the 
flux reflected from the appropriate surfaces which 
is of importance. While it is agreed that the light- 
ing engineer should co-operate in every possible 
way with the road engineer and others who may 
be concerned, it cannot be said that the control 
of the nature of the surfaces which have to be 
illuminated is with the lighting engineer. 


Therefore, for the purpose of a specification, it 
appears to the authors that the lighting engineers’ 
obligation must end with providing the quantity 
of light required, and distributing the light in 
accordance with the requirements of the specifica- 
tion. Few will doubt that there is a real relation- 
ship between the quantity of light provided and 
the ease with which one sees, and in consequence, 
although it is freely admitted that other factors 
have an important bearing upon visibility, there 
appears to be good reason in adopting minimum 
horizontal illumination, coupled with the other re- 
quirements in the specification as a_ suitable 
criterion for specifying street lighting. In general 
the authors believe that the more light provided (if 
distributed and arranged to satisfy the require- 
ments of the specification) the greater the visibility 
in the street, although it is true that in a small 
minority of cases this generalisation is not com- 
pletely satisfied. As far as we are aware, no one 
has suggested that surface brightness should be 
substituted in the specification for minimum illu- 
mination. If such a criterion were adopted, the 
latitude permissible under testing conditions 
would have to be considerably wider than that 
necessary for minimum illumination requirements; 
there would always be the necessity of determin- 
ing whether a low brightness was due to a low 
value for the incident light, or a reduction in the 
reflection coefficient of the surface upon which the 
light was incident. 

(3).—The specification prescribes minimum 
mounting heights, maximum spacing height ratios, 
and Clause 17 (which deals with variations in rated 
illumination at test points) is drawn in a way cal- 
culated to discourage high diversity of illumina- 
tion. It would appear, therefore, that the specifi- 


cation goes as far as agreement at the moment wil] © 


permit to define the conditions tending to minimise 
glare effects. In addition, Clause 22 gives sound 
advice by suggesting glare can be minimised by de- 
creasing the spacing and increasing the height of 
the light source. It is clear from a previous section 
of this paper that the authors are in favour of 
limiting the permissible candle-powers at angles 
near the horizontal, but this is not an agreed 
remedy, and, therefore, cannot be included in the 
specification until lighting engineers are agreed as 
to the efficacy of the principle. 


(4).—One of the most valuable aspects of the 
specification is undoubtedly to be found in the in- 
formation to be provided with the tender. This 
requirement appears to the authors to take for 
granted that street lighting should be under the 
charge of a competent engineer, otherwise it is dif- 
ficult to see what legitimate use can be made of the 
information to be supplied. The information in 
the hands of a competent engineer thoroughly 
familiar’ with the street to be lighted is of the 
utmost value. 

In addition, the information to be supplied with 
the tender ensures that the engineer designing the 
installation shall be provided with all the necessary 
data. 

(5).—The specification is flexible enough to deal 
with difficult cases. To illustrate this point, 
Clause 16 may be referred to:— 


“In other cases and where the symmetry of 
an installation is to be materially disturbed to 
make provision for lighting the entrance of side 
streets, or other reasons, the positions of any test 
points shall be those at which the illumination 
due to the light source under consideration would 
be a minimum, and these positions shall be 
agreed by the parties concerned.” 


(6).—The specification provides for a testing 
clause, which can be applied to ascertain if the 
installation as designed has realised the design 
values, or may be used to ensure the installation 
is being reasonably maintained. It is impossible, 
in the authors’ opinion, to over-stress the impor- 
tance of good maintenance in street lighting instal- 
lations. 


In conclusion, we desire to thank the Governor and 
Court of Directors of the Gas Light and Coke Com- 
pany for permission to publish this paper, and for 
the facilities provided during its preparation. We 
should also like to acknowledge the assistance ae 
us by Mr. D. G. Winslow in the preparation of the 
appendix. 





APPENDIX 


THE CONSTRUCTION AND USE OF IS0O-FOOT 
CANDLE DIAGRAMS. 
The horizontal illumination at any point on the road 
may be determined from the well-known formula 
I¢_ Cos’ 
E - | SR San etal Se Ccaee ges eae" 
h H? 


Where EF; = _ horizontal illumination at the point. 
@ = angle of incidence. being the angle 
between downward vertical through 
lamp and a line joining the point to 
the lamp; 
candlepower of lamp at vertical 
angle 6 and azimuth angle «. 
H = mounting height of the lamp in feet. 
The corresponding horizontal distance of the point from 
the lamp is given by 
ie he ti Fc I Senne (2) 


‘ 


Expressions (1) and (2) suffice to calculate from any 
isocandle diagram the distribution of illumination on the 


Tea 


road in any specific case. It frequently happens, how- 
ever, that in practice the same lamp will be used from 
time to time at different mounting heights, each occasion 
necessitating the preparation of a fresh iso-footcandle 
diagram. 

In the present method one diagram is made to serve 
for all mounting heights by the following artifice. In 
the expressions (1) and (2), H is put equal to unity in 
the initial stages of constructing the iso-footcandle 
diagram so that the illumination values are in arbitrary 
units which can later be converted to footcandles by 
dividing by H? when this has been chosen. At the same 
time the scale of distance is made to read directly in 
feet by multiplying by H. 

The following example will make the method clear. 


Drawing the Iso-footcandie Diagram for One Lamp. 


Figure 1 shows a series of concentric circles with 
centre at ‘a’ and radii 1”, 2”,3”....... with radial lines 
drawn every 10°. These lines must be —— to 
drawn on the road surface and the lamp to be vertically 
above ‘a’ at a height equal to the radius of circle ‘¢ 
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Light from the lamp will therefore be incident at all 
points on this circle at an angle of 45°. Similarly, there 
is a fixed angle of incidence 9, which may be calculated, 
corresponding to each of the other circles. These values 
are set out in Table I together with the values of Cos*«¢ 











Circle tS) Cos"é 
a J 1 
b 26°36’ 0.714 
c 45°0’ 0.354 
d 56°18’ 0.171 
e 63°24’ 0.0897 
f 68°12’ 0.0512 
g 71°36’ 0.0315 
h 74°0’ 9.0210 
i 76°0’ 0.0142 
j 77°30’ 0.0101 
k 78°42’ 0.00753 
m 80°36’ 0.00432 


These concentric circles may be projected on to the 
sinusoidal diagram as a series of straight lines drawn 
parallel to the lines of latitude. The axially drawn lines 
will similarly on projection coincide with the lines of 
longitude, the 0° line of figure 1 falling along the centre 
line of the projection. This is shown in figure 2 where 
the dotted lines are lettered to correspond with the circles 
of figure 1. If, now, an isocandle diagram on the same 
projection (figure 3) is superimposed on figure 2, it is 
possible to read off the candlepower in the direction of 
each of the “junctions” (the intersections of radii and 
circles) of figure 1, and, by multiplying the candlepower 
by the appropriate value of Cos* © convert it to a num- 
ber proportional to the horizontal illumination at_ the 
point. The values so obtained are then plotted in their 
relative positions on a blank sheet of transparent paper 
placed over figure 1, as in figure 4. 


_For example, suppose it is required to calculate the 
illumination at the junction of the radial line marked 
+20° with the circle c (figure 1). The position of this 
point in the sinusoidal projection is given by figure 2 
and the candle power in that direction is found to be 
ec crmately 400 on superimposing figure 3. From 
Table I., for all points on circle c, Cos*e=0.354. Whence 
I Cos’e= 400 x 0.354 = 141.6. This value is accordingly 
entered against the chosen point on the blank sheet. 

The method is repeated for every other junction in 
figure 1. Contour lines of suitable values are then drawn 
in by interpolation between the points obtained, as in 
figure 4. 

The final diagram obtained will be similar to figure 
5(a) with contours drawn for round numbers. It is 
not, in general, found necessary to convert these to foot- 
candles at the present stage, but this may be done in 
any specific case. Suppose, for example, that the lamp 
is to be mounted in one instance at 20’. Then, .as 
explained at the beginning of this note, if the numbers 
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on the contours are divided by H? (in this case 400) the 


contours will denote actual footcandles. Further, since 


the radius of circle c was made equal to one mounting 


+57 











Fig. 4. 


height, the distance ac, 2” in length, now represents 
20’; that is to say, the linear scale of the diagram becomes 
c= us he 

If the mounting height in the next instance should be 
25’ then the contours numbers must be divided by 625 
- = or in and the scale of the diagram becomes 


Drawing the Iso-Footcandle Diagram for an Installation. 


The method of applying the distribution diagram 
obtained above for the single lamp can best be explained 
by taking a concrete example. Suppose it is required 
to determine the spacing, and construct the final iso- 
footcandle diagram for, an installation satisfying Class E 
of the B.S.I. Specification (minimum horizontal illumina- 
tion =0.1 f.c.) utilising the lamp whose _ iso-candle 
diagram is shown in figure 3. The road width is thirty 
feet and the mounting height in this instance is to be 
20’. Staggered formation is to be used with the lamps 
mounted directly over the kerb. 


Since the mounting height is 20’ the scale of distance, 
as explained above, is given by 1” = a =10’. The road 


is therefore represented as in figure 5(c) by two 
parallel lines drawn 3” apart. At some convenient 
point on one of these lines figure 5(a) is fixed and 
an inverted copy of 5(a) (figure 5(b) ) is placed over it 
as in the accompanying transparencies. As figure 5(b) 
is moved along its kerb line the contours of the two 
diagrams will intersect, the resultant illumination at 
any point being the sum of the values of the contours 
passing through that point. 


Now, since the mounting height in this case is 20’, 

2 — 400 and therefore a minimum value of 40 arbitrary 
units must be obtained on figure 5 to ensure 0.1 f.c. 
This will be assured when the two 20 contours over- 
lap just outside the boundary of the road. Similarly, 
the two 10 contours could be made to overlap to 
produce a minimum of 20 units or 0.05 f.c. for 
Class F., etc. The required spacing is then given by 
measuring the distance between lamps on the scale 
derived above. In the example given the distance 
between lamps parallel to the kerb is 13.3”, which is 
equal to 133’ on the road. 

The final iso-footcandle diagram for the span is then 
obtained by adding the value of the overlapping con- 
tours at a number of points and dividing at the same 
time by H®. Figure 6 shows such a diagram obtained 
under the given conditions with contours marked in 
footcandles. 

The same diagrams 5(a) and 5(b) can be used for any 
other mounting height provided the contour numbers 
are divided by the appropriate H? and the scale of dis- 
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Fig. 5a. 
































tances altered to read 1”=H/2 feet. Thus once the following case. Suppose that, other details remaining 
relative distribution of illumination has been obtained the same, Class D (minimum illumination 0.2 f.c.) had 
as in figure 5(a) any number of final distributions been required instead of Class E in the example worked 
similar to figure 6 may readily and quickly be obtained out above. By sliding figure 5(b) over figure 5(a) it 
whatever the details of the mounting, since the applica- will be found that at the mid-span point a value of 80 
tions to overhang and centre suspension are obvious. units, corresponding to 0.2 f.c., can be obtained with a 

The necessity of using these diagrams in planning an spacing of 100 feet. Further examination of the figures 
installation rather than relying solely upon calculated will show, however, that at places on the kerb between 
mid-span point illuminations is well illustrated in the this point and the point opposite the lamp the illumina- 
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tion is less than at the mid-span point. Such an instal- of the Specification now becomes the test point then lies 


lation would still fall within the lower class of the 
Specification. Not until the spacing is decreased to 60’ 
does the installation satisfy the requirements of Class D 
in that at no point does the illumination fall below 0.2 f.c. 
The point of lowest illumination which under the terms 


not at a point equidistant from the lamps but at a point 
opposite the lamp. This state of affairs often arises 
when the directional properties of a lamp are over- 
developed, or, as in the present case, when the lamp 
used is not large enough for the class of installation. 


DISCUSSION 


‘Mr. Percy Goop (British Standards Institution) 
remarked that the view held by some motorists that 
the best conditions of visibility were secured when 
there was no street lighting at all, might be true in 
isolated cases but not for the conditions prevailing 
in city and suburban areas. He was glad the authors 
had joined issue with those critics of the standard 
specification who said that, because visibility was 
necessary but was not specified directly, therefore 
this was a bad specification. Only few specifications 
could actually specify the thing which was really re- 
quired; the majority achieved success by specifying 
some relevant matters. The fact that visibility could 
not be easily defined was not in itself a reasonable 
criticism of the specification. The way in which the 
authors had approached this problem was commend- 
able. Mr. Good said the film that had been shown 
was extremely: interesting, and demonstrated that 
a reasonably light road surface had considerable 
advantages. When Mr. Smith was able to take a 
similar film at night attention might be given to the 


Mr. C. Harper (Barking) said that it would be 
useful to have comparative data on concrete, in view 
of the good light-reflecting value of such a surface, 
as well as other road materials. He also commented 
on the paragraph in the paper referring to co-opera- 
tion with municipal engineers in connection with the 
provision of backgrounds of higher reflecting value. 
It seemed to have been overlooked that throughout 
the country the municipal engineer, in most cases, 
was the official responsible for public lighting—a con- 
dition specified in the Public Health Act of 1875 and 
not modified by subsequent legislation. 


Mr. E. L. Damant (General Electric Co., Ltd.), in 
suggesting some modifications in the headings of 
Table I., remarked that in over 90 per cent. of the 
cases at least some portion of the object was visible 
against the roadway. So far as background was 
concerned, there was not much chance of making 
alterations either in existing roadway surfaces or 
surfaces of adjacent houses. He suggested that pos- 


smpromoeootaectogvm case Me da hrogdge rw ere Ms =F Ss 


angle at which the camera was pointing. The  ‘ibly measurements on a small vertical surface, in- : 
camera seemed to point a little too far ahead as com- _ Stead of a horizontal one, might have ven r 
pared with the point of view obtained when driving They would meet the views of those who attac a 0 
in busy traffic, particularly at night. Possibly some ‘i™portance to illumination of vertical surfaces an C 
measure of the average angle of observation of Would also afford a closer relation to the resultant 
vehicle drivers could be adopted. Incidentally, dan-  >rightness on the road than did illumination on a 
ger to other users of the road might arise in the 0rizontal test plate. They would thus furnish a sort t 
case of car drivers whose view was impeded by the °f Compromise between the two schools of thought. 
fact that they were shorter than the average. Cyclists : : 
on the road might, when at close quarters, be Dr. S. ENctisH (London) congratulated the gas in- : 
obscured by the bonnet of a large car. In conclu- dustry on the presentation of two such valuable C 
sion. Mr. Good emphasised that the specification re- papers as the present one and that read by Mr. a 
presented the collective views of a number of people Chandler and Mr. Smith on the preceding day. Mr. : 
after taking into account many criticisms. It was Smith had provided a masterly survey of modern 
thus in the nature of a compromise, and it must be views on street lighting. There was a tendency to r 
regarded as a tool or implement, not as, so to speak, speak of an increased candlepower near the _horl- 2 
the Ten Commandments. It was not intended to zontal as an absolute essential for good road lighting. s 
stop progress and should not do so if properly used. This seemed to him an over-statement. In the case f 
Naturally, any tool, however good it might be, would of long lengths of arterial roads, with only gente 
, gen fail to function in the hands of anyone who curves, with much vehicular traffic, and with little r 
id not understand how to use it. pedestrian traffic, it was doubtless desirable to have g 
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the maximum only slightly below the horizontal, and 
thus to obtain the so-called high surface brightness. 
But in urban and suburban areas, where there was 
much more pedestrian traffic and roads had many 
turns, a different method should be adopted. In such 
cases a Maximun) caridlepower distinctly lower than 
the horizontal was preferable. If these two distinct 
types of road were kept in mind there would be less 
apparent differences in the point of view. 


Mr. D. G. Sanpeman (Edinburgh), whilst appre- 
ciating the difficulty in reconciling so many conflict- 
ing interests experienced by those responsible for the 
British Standard Specification, said that it had evi- 
dent limitations. The correct positions of public 
lamps were much more important in practice than 
the shape of the polar curve of light distribution. He 
thought that surface brightness could be made the 
basis of a specification—possibly by laying down a 
standard surface 300 or 400 yards long, where light- 
ing fittings could be tested. Glare, which was in- 
versely proportional to the height of mounting, 
should also be included. 


Mr. G. H. Witson (Research Laboratories, General 
Electric Co., Ltd.) complimented the authors on their 
statesmanlike survey of the factors involved in street 
lighting. Although the factors involved in visibility 
were many and complex, the solution of the problem 
was not insuperable. He was confid:nt that, not- 
withstanding these difficulties, Mr. Smith and Mr. 
Sawyer could plan a perfectly good street lighting 
installation which would satisfy the most critical— 
and he personally believed that he could do the same! 
They had seen on the previous evening some excel- 
lent examples of public lighting, and there wasnoneed 
to despair because all the factors affecting visibility, 
which the authors had so ably summarised, had not 
been fully studied. Nevertheless he hoped that more 
information un them would soon be forthcoming. It 
was doubtless possible to state the conditions of flux, 
mounting height and spacing which would result in 
a good installation, though it might be more difficult 
to define them in the case of an installation which 
was only just adequate. Whilst it might be agreed 
that the street surface was not the all-important back- 
ground, it was, nevertheless, true that information 
on this point would generally give a good idea of 
the performance of the installation. In his experience 
when the road brightness was high and reasonably 
uniform other backgrounds would, in ordinary cir- 
cumstances, be adequately bright. Moreover, as Mr. 
Smith had mentioned, although only 30 per cent. 
of an object might be seen against the street surface, 
that 30 per cent. might be more valuable than the 
figure would suggest—because the street was so very 
much brighter than the other backgrounds. 

In conclusion, Mr. Wilson said that a simple techni- 
que for producing street lighting photographs which 
could safely be used for comparative purposes had 
recently been worked out, and a paper was to be read 
on this subject before the Illuminating Engineering 
Society by Mr. Ralph Hopkinson. 


Mr. J. S. Dow remarked on the general impression 
that with the attainment of high and uniform bright- 
hess on the street surface, the best possible condition 
for visibility was automatically secured. Was it 
conceivable, however, that with artificial illuminants 
an excessive brightness, forming an actual drawback 
to visibility because of the glare, could be produced? 
It was a fact that the effect of brilliant sunlight 
reflected direct into the eyes from a highly polished 
roadway might be dazzling to a degree, notwith- 
Standing the relatively high brightness of the sur- 
roundings. In the sombre surroundings of an arti- 


ficially lighted street it did seem possible that 
reflected light from a street surface might result in 
He recalled, some years ago, a letter from a 


glare. 
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public lighting engineer abroad who stated that when 
the road surface was wet and shiny, centrally sus- 
pended lamps had proved objectionable in this 
respect, though satisfactory enough with a dry road. 


Mr. J. H. Burman (North Middlesex Gas Co.) 
agreed in regard to the difficulty of controlling the 
light-reflecting qualities of backgrounds. It might, 
however, be easier to control that of the objects them- 
selves, as was illustrated by the expedient of the Girl 
Guide captain who conceived the idea of her girls 
wearing a white towel or sewing small reflectors on 
to their dresses as a precaution when using country 
roads during the darkness! It was noticeable how 
certain buses which were encircled by a white band 
stood out at night; the white sleeve worn by police- 
men, white painted vans and tradesmen’s cyclists 
wearing white were likewise easily seen. The desir- 
ability of measuring illumination on a _ horizontal 
surface had been questioned, and one speaker had 
recommended a vertical surface. He himself had 
another idea, namely, that the light should be 
received and measured on a spherical surface of such 
a character that light coming from all directions was 
recorded. It should not be difficult to evolve an 
instrument using such a surface in conjunction with 
a photo-electric cell. 


Mr. J. M. Watpram (Research Laboratories of the 
General Electric Co.), remarked that the paper might 
be described as a masterly summary of our ignor- 
ance on this subject; it was the more welcome 
because there was a danger of concentrating on the 
things that were known and ignoring those that 
were not. There were, however, some things that 
were definitely known in regard to visibility, and 
should not be overlooked. The evident fact that 
anything visible was only seen by reason of its 
brightness, i.e., the light coming from it, was not 
always appreciated. The desirable value of bright- 
ness and its distribution were, of course, matters for 
argument and discussion. The film had been most 
interesting, and he hoped that it would soon be 
possible to take a similar one by artificial light. He 
was rather puzzled by a statement in the paper that 
no part of the outlines of 14 per cent. of people 
standing in the road was seen against this surface. 
It might happen in the case of a hump-backed ridge, 
but, even so, he would not have expected so large a 
proportion. He was also rather surprised that in 
the case of people standing on the kerb, 12 per cent. 
of the outline was seen against other backgrounds. 


Mr. Smith, interposing, explained that this was 
due to the curve of the road. 


Mr. Waldram suggested that in order to get a true 
figure of merit both the amount of an object seen 
against a background and the degree of contrast 
should be considered. Those who had concentrated 
attention on road surfaces had not overlooked the 
value of other possible backgrounds, but the latter 
were less easy to control than the road surface. He 
mentioned a road near Berlin which was practically 
devoid of effective background with the exception 
of the road-surface; yet the visibility had been ex- 
cellent. In conclusion, Mr. Waldram said that glare 
had always been the bogy of street lighting. Its 
dangers were often emphasised without its nature 
being fully understood. In this connection he re- 
ferred to a specific case which he illustrated by 
means of a lantern slide. The work of Stiles and 
Harrison on glare had shown that its effect could be 
replaced by a sort of veiling brightness over the 
whoie view. In the case mentioned, a reasonably 
designed installation, but sometimes described as 
glaring, the veiling brightness factor, which could be 
readily calculated, came out to 1.2, ie., the veiling 
brightness was 15 to 20 per cent. of the road bright- 
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ness. This seemed to show that the effect was not so 
serious as people sometimes imagined. 


Mr. C. A. Masterman (Gas, Light and Coke Co.), 
referring to Mr. Wilson’s remarks, expressed the 
hope that very soon photographs illustrating street 
lighting might be the subject of a specification which 
would ensure that they gave a correct impression of 
what was actually visible. He wished also to support 
the author’s defence of the British Standard Speci- 
fication for street lighting. The more he had studied 
that specification, and incidentally tried to improve 
it, the more impressed he had been by the manner 
in which it had been drafted. He was amongst 
those who felt that over-concentration on road- 
brightness was liable to involve introduction of glare 
—for the two conditions were necessarily closely 
associated. Further, he did not think that the basis 
of the present specification could be shifted on to 
something so uncertain as brightness. The specifica- 
tion admittedly should not be regarded as final and 
complete. It was primarily a basis of co-operation 
between buyer and seller. If it was used as a bone 
of contention amongst competitors—then, naturally, 
the bone suffered in the ensuing struggle! There- 
fore, he urged that the specification should be used 
on the former basis in a spirit of co-operation and in 
the interests of efficient street lighting. 


Mr. E. Stroup (London) remarked that the chief 
difficulty that had been experienced in using the 
specification was a tendencv to over-emphasise cer- 
tain features in it and thus to cloud the issue and 
make the specification appear more intricate than 
it really was. The fundamental difficulty in street 
lighting was simply that there was not sufficient 
light—hence the effort to make use of specular 
reflection and increase the brightness of the roadway 
in any way possible. The Committee concerned with 
the Standard Specification had studied very carefully 
methods of defining the illumination, and it might be 
assumed that their adoption of horizontal illumina- 
tion had not been taken without full consideration of 
alternative methods. In conclusion, Mr. Stroud re- 
marked that little had been said about the iso-lux 
diagrams contained in the appendix of the paper. The 
methods there outlined by the authors should prove 
very useful in facilitating quick design and aiding 
what was becoming a rather complex procedure. 


Mr. F. C. Smiru, replying to the discussion, agreed 
with Mr. Good in regard to the position of the 
camera in taking such films as had been shown, and 
also with his remark that the specification was a 
tool or implement, not a complete text book. If a 
street was to be lighted adequately it must be exam- 
ined and its characteristics noted; and the specifica- 
tion must then be applied with common sense. The 
information called for in the specification could be 
of the utmost value to a competent engineer. Refer- 
ring to the case of concrete roads mentioned by Mr. 
Harper, Mr. Smith explained that the figures in the 
paper were taken from work done by M. Cohu, who 
had not dealt with concrete surfaces, but in due course 
ag for concrete surfaces would be forthcoming. 

e felt that he was not competent to reply to Mr. 
Harper as’ to the responsibilities of the municipal 
si, vag 

he suggestions of Mr. Damant with regard to the 
headings in Table 1, he agreed, were the more logical. 
Table 2 surely indicated quite clearly that the road 
surface was of considerable importance, and also 
that other backgrounds were of some significance. 
The control of reflections from houses was naturally 
very limited, but more could be done with fences 
and the like. As regards measuring illumination on 
a vertical test plate, he did not think he was break- 
ing any confidence in saying that a committee of 
the B.S.I. had been considering various suggestions 
amongst which that particular point was included. 

There were plenty of good installations with high 
candle-power components near the horizontal, but 
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there were others which had not that characteristic. 
He himself agreed with Dr. English that high candle- 
power near the horizontal was not absolutely essen- 
tial, and at times might lead to undesirable glare. 
There were other ways of securing good visibility, 
and more work on this point was needed. Dr. English 
had put his finger on the spot when he said, in effect, 
that special treatment was necessary for the differ- 
ent types of roads. For lighting long arterial roads 
—such as that mentioned as being near Berlin—there 
was more than one effective method available. In 
the case of roads winding in and out, then it was 
essential to study each on its merits. 

Mr. Sandeman had seemed to imply that the draft- 
ing of a specification was an easy matter, but it was 
not. Whatever was done with a specification, some- 
thing must be left to the judgment of the public 
lighting engineer. He did not think the idea of rely- 
ing on standard sections of roads laid down at the 
National Physical Laboratory or elsewhere was 
feasible. At the same time, the B.S.I. welcomed use- 
ful suggestions and would consider them. Glare had 
also been mentioned by Mr. Sandeman, but its effect 
could not be defined as merely inversely propor- 
tional to the mounting height. He only wished it 
were! 

Whilst agreeing with Mr. Wilson that lighting 
engineers are able to design good installations to 
their own satisfaction, it did not follow that the mem- 
bers of a council would consider these installations 
satisfactory. Their views might not be the same as 
those of the technicians, who should not assume too 
readily that they knew all about this subject. Many 
modern units which had a high component near the 
horizontal also gave a good general distribution. But 
the pesceneeee of the flux allotted simply to creating 
the brightness of the road was often surprising. He 
welcomed Mr. Wilson’s remarks with regard to 
photographic technique and looked forward to Mr. 
Hopkinson’s paper on the subject: 

An important point had been raised by Mr. Dow, 
when he referred to the possibility of an upper limit 
of brightness. In practice it was a rare occurrence 
for this degree of brightness to be obtained, but he 
had seen installations in which it might fairly be 
said that the upper limit had been reached. How- 
ever, in most cases this was not a problem. 

On the point mentioned by Mr. Burman, it was the 
fact that M. Cohu, in a paper in France, had sug- 
gested that the backs of motor cars should be painted 
black and white so as to make them more visible. It 
also seemed to be an excellent plan to have the mud- 
guards of cycles painted white. The “sphere” 
method of testing, mentioned by Mr. Burman, had 
actually received some attention in another form. 
Consideration had been given to the possibility of 
measuring illumination with vertical tubes. If Mr. 
Burman went any further with his idea the com- 
mittee would be glad tu hear from him. 

Undoubtedly, as Mr. Waldram had said, road 
brightness was important and desirable, but when it 
came to specifying it and making it the subject of a 
contract and obligation, then the difficulties began. 
It was not because those who were assisting to draft 
the specification thought brightness was of no im- 
portance that such a clause was absent from the speci- 
fication, but because of the great difficulty of drafting 
such a clause in a form which could be conveniently 
applied and equitably used in practice. 


ERRATA 

Our attention has been drawn to an error in the account 
of the Proceedings of the Conference of the Association of 
Public Lighting Engineers which appeared in our last issue. 
We understand that Mr. A. S. Parsons, Borough Engineer 
and Surveyor of Reading, did not take part in the discus- 
sion of Mr. Allbright’s paper, but that Mr. H. P. Pascal, 
Assistant Mains Engineer of the Reading Corporation Elec- 
tricity Department, did so. 





We have also to correct an obvious oversight in the 
account of the Tour of the Lights o’ London, which appeared 
on page 339. The installation of Supervia Gas Lamps, which 
attracted so much attention, was. of course, that in Black- 
friars-road, not in Grosvenor-road as suggested in the note. 
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The Importance of Kinematical Factors 






in Roadway Illumination 


By L. J. DAVIES, M.A., B.Sc., R. MAXTED, B.E. (Elect.), B.E. (Mech.), and G. S. LUCAS, M.I.E.E. 
(Research Laboratory, British Thomson-Houston Co., Ltd.) 


(Delivered at the Twelfth Annual Meeting and Conference of the Association of 
Public Lighting Engineers, held in London during September 9th to 12th, 1935.) 


Introduction. 


The subject of roadway illumination is sufficiently 
large and complex to present scope for many types 
of investigation. Since roadways are illuminated 
solely because of the existence on the roadway of 
moving observers and the things they observe, it 
seems logical that some part of any general investi- 
gation should concern the kinematical aspects of road- 
way lighting, and the authors are engaged upon 
studies in which these aspects are kept prominently 
in mind. This paper consists of a preliminary 
account of some of this work, and as such can be 
subjected to comment and criticism and will, no 
doubt, be subject to modification. But road lighting 
is by its nature—and we may refer particularly to 
the difficulty of large scale experiment—a subject 
in which theory and laboratory experimentation must 
be continually checked by, and sometimes sub- 
ordinated to, the practical experience of lighting 
engineers. We, therefore, appreciate very much this 
opportunity of discussing our lines of thought with 
this audience, whose practical experience of street- 
lighting problems is so extensive. 

During recent years there has been a gratifying 
increase in interest in both the scientific and practical 
side of road lighting. A considerable amount of 
laboratory work is being done in many countries, 
and, in this country at least, extensive new installa- 
tions are regularly completed. Our knowledge of 
illuminants now enables us to make economical 
lamps of the light outputs that experience has shown 
to be desirable, and knowledge of lantern design and 
reflector and refractor materials is increasing. To- 
gether with this occur great improvements by road 
engineers and an increasing flood of traffic on the 
roads they design. We feel, with these facts and 
others, that the stage is all set for a great extension 
of road lighting. 

It is natural that there is a great desire by all con- 
cerned for some simple yardstick that will measure 
road lighting, so that this may be improved, and 
designed and installed to agreed specifications, which 
will give the maximum benefit to the user, coupled 
with the economy and reliability that is the respon- 
sibility of the installing authority. 

_ Now there are many things that can be measured 
im connection with a road lighting installation, and 
that may, in some form or combination, serve as this 
yardstick. We list some of these below:— 
Illuminant output, 
Lantern distribution, 
Lantern spacing, 
Lantern height, 
Road dimensions, 
Average, or distribution of, luminous flux on 
roadway and backgrounds, 
Average, or distribution of, road brightness, and 
so on. 

It is not always realised that none of these, nor 

any combination of them, measure the goodness or 


the satisfactoriness of a road-lighting installation. 
That must always be a matter of judgment. 

We wish to emphasise that roadway lighting is 
one of those subjects, and there are several, which 
require two distinct kinds of investigation, viz., the 
objective and the subjective. On the one hand, it 
is necessary to recognise fully the physical factors 
involved and to have a knowledge of the methods 
enabling these to be measured, and expressed in 
completely defined units applicable anywhere by 
any one. Then, on the other hand, it is necessary to 
know the recipe to which these various factors must 
be mixed to provide good lighting, and this is a 
matter of judgment, i.e., the treatment is subjective. 

The two methods must run hand in hand. It is, 
for example, most necessary to be able to recognise 
the physical quantities involved and to be able to 
measure them, but the physical quantity itself is not 
road lighting. The wank on road brightness by 
Millar’ and others, and more recently that published 
by Waldram’ and by Cohu,* may be mentioned to 
illustrate this point. The brightness of the road 
surface is a most important factor in roadway light- 
ing, and the full recognition of this, and its measure- 
ment under various circumstances (together with a 
measurement of all background brightnesses) will 
undoubtedly lead to greater knowledge of road 
lighting. If, however, the degree of surface bright- 
ness is used as a figure of merit for the roadway 
lighting, as it may under some circumstances quite 
properly be used, this merely means that in the judg- 
ment of some one or some body, a given amount of 
brightness provides a certain effectiveness of 
lighting. 

It is only comparatively recently that surface 
brightness and silhouette vision have been recog- 
nised generally as ‘relevant factors. There 
may well be others, as yet unrecognised, 
present in varying degree, and which affect the 
quality of the roadway lighting. Until the existence 
of all factors is recognised there is the obvious dan- 
ger of concentrating attention on the ones that are 
known, with the result that each factor in turn may 
suffer undue prominence by reason of novelty, 
instead of being smoothly incorporated in a satisfac- 
tory working theory. 

Since even when all factors are recognised their 
degree of effectiveness will be a matter of judgment, 
we have been led to consider closely this question of 
subjective treatment, and the possibility of develop- 
ing its pronouncements into some quantitative form. 

These considerations have led us to believe that 
an examination and evaluation of road-lighting 
schemes by a subjective method should be profitable. 

It is always possible to learn from others, and we 
have been impressed by the similarity between the 





1 P.S. Millar. Transactions I.E.S. Vol. V., 1910. 

2 J. M. Waldram, “Illuminating Engineer,” pp. 305 and 
309, 1934. 

3 M. Cohu, Société Pour Le Perfectionnement de I’ 


Eclairage, March, 1935. 
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general problems of road lighting and those of 
architectural acoustics and of noise measurement.‘ 
Prof. Sabine*® has written a series of papers on the 
former, and we quote from his introduction to these. 

“The problem of architectural acoustics required 
for its complete solution two lines of investigation, 
one to determine qualitatively the physical condi- 
tions on which loudness, reverberation resonance, 
and the allied phenomena depend; the other to de- 
termine the intensity which each of these should 
have; what conditions are best for the distinct audi- 
tion of speech, and what effects are best for music 
in its various forms. One is a purely physical in- 
vestigation, and its conclusions should be based 
and should be disputed only on scientific grounds; 
the other is a matter of judgment and taste, and its 
conclusions are weighty in proportion to the weight 
and unanimity of the authority in which they find 
their source. Sufficient progress has been made to 
justify the assertion that the physical side of the 
problem is solvable, and that it should be possible 
ultimately to calculate in advance of construction 
all the acoustical qualities of an auditorium. 

“The second part of the problem now being 
started, the question as to what constitutes good and 
what constitutes poor acoustics, what effects are de- 
sirable in an auditorium designed for speaking, and 
even more especially in one designed for music, is 
not a question in physics.” 

Prof. Sabine goes on to explain how this is a matter 
of judgment and taste. His remarks are so much to 
the point that it has been interesting to rewrite some 
paragraphs, altering them by the substitution of 
phrases applicable to road lighting for those applic- 
able to architectural acoustics, for which the words, 
of course, were originally written. With acknow- 
ledgment to Prof. Sabine, we give this rewrite 
below :— 

“The problem of highway lighting requires for 
its complete solution two lines of investigation, one 
to determine quantitatively the physical conditions 
on which illumination, brightness, glare, and allied 
phenomena depend; the other to determine the in- 
tensities which each of these should have, what 
conditions are best for high-speed arterial traffic, 
and what effects are best for slower urban traffic in 
its various forms. 

“One is a purely physical investigation, and its 
conclusions should be based, and should be disputed, 
only on scientific grounds. The other is a matter of 
the requirements of all classes of user, and tts con- 
clusions are weighty in proportion to the weight 
and unanimity of the authority in which they find 
their source. Sufficient progress has been made to 
justify the assertion that the physical side of the 
problém is solvable, and that it should be possible 
ultimately to calculate in advance of construction 
all the optical qualities of the field of view of a 
road user. 

“The second part of the problem now being started, 
the question as to what constitutes good, and what 
constitutes poor lighting conditions, what effects are 
desirable in the lighting of a road designed for arterial 
traffic, and even more especially in one designed for 
urban conditions, is not a question of physics. It is a 
physiological and psychological problem, and there- 
fore not one for which the authors are especially 
qualified, and would not be undertaken here were it 
not in the first place absolutely necessary in order to 
give effect to the rest of the work, and in the second 
place were it not the plan rather to gather and give 
expression to the judgment of many others acknow- 
ledged as qualified to speak, than to give expression 
to the taste and judgment of a few. 

“Tt is thus the purpose to seek the judgment of road 
users in regard to lighting effects and if possible to 





4 The Measurement of Noise with Special Reference to 
Engineering Noise Problems, B. G. Churcher, A J. 
King, H. Davis. 

5 Collected Papers on Acoustics, W. C. Sabine, pp. 69-70. 
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present the results in a form available to lighting 
engineers. This will be slow and difficult work ang 
it is not at all certain that it will be possible to arrive 
even ultimately, at a finished product. It is worth 
undertaking, however, if the job as a whole is worth 
undertaking, for without it the physical side of the 
investigation will lose much of its practical value. 


“ Thus it is of little value to be able to calculate in 
advance of construction and express in numerical 
measure the brightness distribution over the entite 
field of view, unless one knows also in numerical 
measure the effect which is desired.” 


One of the authors has had experience of the appli- 
cation of the subjective method to the classification 
of sound reproducing theatres. Here a satisfactory 
authority for the goodness of the acoustics was box- 
office receipts. In spite of variations in the quality 
and subject matter of the films it was possible to 
classify auditoriums into good, bad, and indifferent 
by the criterion of weekly receipts and reports of ser- 
vice engineers. This classification, and an examina- 
tion to determine the physical differences that 
existed between the best and worst halls, provided the 
starting point for an investigation which has resulted 
in the design of improved apparatus and a thorough 
knowledge of the acoustical properties of theatres. 


Application of Subjective Method to Lighting 
Problems 


It was the success of the subjective classification in 
the solution of the problems connected with theatre 
acoustics that lead the authors to attempt a similar 
classification into order of merit of existing lighted 
roads, but the difficulty of obtaining an unbiased con- 
census of opinion had to be faced. In the case of the 
theatres, the weekly comments of the service 
engineers and theatre manager on the general sound 
quality and the popularity of the hall gave a fairly 
org indication. but no such data exists for lighted 
roads. 


Many schemes were suggested, such as asking 
parties of observers to fill in data sheets, to make visi- 
bility tests on the road, etc., but in the opinion of the 
authors these suggestions were all open to criticism as 
tending to bias the attention of the observers on one 
or more particular factors. 


The suggestion finally adopted was to arrange for 
parties of observers to tour a number of lighted roads 
and to place these in order of merit, without any other 
restriction. The general instruction given to the 
observers was as follows: — 


“With a view to determining to what extent 
modern road lighting is suited to individual 
observers, it is proposed to motor a number of 
observers to lighted roads of various types. 


“ Each group of lighted roads viewed will consist of 
approximately six separate sections. The observer is 
asked to note his impression of each section and, 
upon completion of the group to place the sections in 
order of merit on the test sheet provided. If an 
observer feels that two sections are of equal merit, 
this fact should be indicated. For the investigation 
to be of value, it is most important that genuine in- 
dividual opinions are gathered, and observers are 
asked not to make audible comment upon test roads 
during the observations.” 


The parties consisted of any number of observers 
(preferably not less than ten) and included a major- 
ity of non-technical men without direct interest in, 
or preconceived ideas about street lighting. Some 
technical men were included in each party to obtain 
a comparison between technical and non-technical 
observers. 

The observers are asked to complete the form 
shown on Specimen Sheet No. 1. The results are 
then collected and analysed as may be thought con- 
venient and correct. The method of analysis we have 
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adopted is the simple one of enabling the order of 
merit to be assessed visually and the illustrations 
mentioned below are self-explanatory. 


Results of Some Tests. 


It will be noted that the simplicity of this method 
is extreme. A party of non-technical people are 
merely taken over roads and asked to note their im- 
pressions and to place the roads in certain groups in 
order of merit. In spite of the simplicity some very 
consistent results are obtained. 


Results are given here on four tests which are 
respectively :—- 


H.P. mercury vapour electric discharge 


lighting, Midland group .................. 7 observers 
H.P. mercury vapour electric discharge 

lighting, London group .................. 10 me 
Tungsten filament lighting Leicester 

IN Be 6h apices a datas neces acts 36 * 
Tungsten filament lighting Leicester 

MN BR cd da Nitty wiveardnsdoe ions 1é%s 36 vs 


In every case the installations have used lamps and 
lanterns of various makes. 

Fig. 1 shows the results of one of the earliest tests 
on arterial roads in the Midlands, lighted by 400-watt 
electric discharge lamps of various makes. These 
roads were fairly widely distributed, but, as can be 
seen, the observers had little difficulty in assessing 
the relative merit. Only seven observers were used, 
and this number is on the low side. 

Fig. 2 shows a similar set of results by an entirely 
different group of ten observers on arterial roads in 
the London area. Again all installations were fitted 
with 400-watt electric discharge lamps of various 
makes. The first and second and last roads in order 
of merit were placed very consistently. 


Figs. 3 and 4 show the results obtained on a 
test of tungsten filament lighting carried out 
by thirty-six observers in Leicester. After a 
number of results had been obtained elsewhere 
we had an _ opportunity of discussing the 
method with Mr. T. Wilkie, Public Lighting 
Engineer of Leicester, who kindly offered to obtain 
similar independent data for some of the roads of 
Leicester. We take this opportunity of thanking Mr. 
Wilkie and his staff for the data so obtained. It 
should be noted with regard to these results that the 
observers were divided into two groups, motorists 
who toured the roads in cars, and pedestrians who 
walked through the installations; the roads were 
carefully selected as being the best of their kind 
available, i.e., of a similar effectiveness, and, there- 
fore, constituted a severe test of the method; various 
systems of lighting were included, such as side 
mounting, central suspension, low cut-off to minimise 
glare, and high cut-off. The road conditions varied 
throughout. 

The results shown in Fig. 3 are very definite, and 
the first, second, and sixth positions are clearly indi- 
cated. The intermediate positions show somewhat 
more spread, but are still fairly clearly defined. 

In Fig. 4 the results are not so definite. First 
and second roads in order of merit are shown up well. 
ree points of interest are worth noting at this 
stage. 

Referring to Figs. 3 and 4, observers, numbers 1 
to 21, are motorists, and observers 22 to 36 are pedes- 
trians, for the purpose of, and during, the test.* 

ere is consistent agreement between motorists and 
Pedestrians throughout the tests—if anything the 
pedestrians show a rather closer agreement between 
themselves than the motorists. It must not be in- 
ferred from this result that there will always be the 
Same agreement between the motorist and the pedes- 





* It was subsequently ascertained from Mr. Wilkie that the 
Pedestrians were, in fact, ncn-motorists, i.e., they neither 
Owned nor drove motor vehicles. 
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trian, but there is no doubt about the result in this 
instance. 

It was thought there might be considerable dif- 
ference between the opinion of technical men and 
the laymen, but the results of all tests indicate that 
this is not the case. Of the thirty-six observers in the 
Leicester tests, numbers 4, 7, 12 and 21 are skilled 
observers directly interested in road lighting. The 
closeness of their classification to the average is re- 
markable, the same results being shown in other 
tests. 

The third point of interest arises from a study of 
the results of observers who show the greatest devia- 
tion from the average, e.g., numbers 3, 5, 17, 18 and 
19 on (Fig. 3) who had adjudged what is gener- 
ally agreed to be the worst installation as the best. 
On all other roads these observers are fairly close to 
the average. Similarly, Nos. 10 and 20 show dis- 
agreement in test 6 (Fig. 4), but are fairly close 
on all other tests. This result emphasises the 
need for a large party of observers, and may account 
for the disagreement sometimes found when two or 
three persons express an opinion on a single instal- 
lation. 


Value of Subjective Method of Assessment. 


The method outlined above enables in a simple 
manner the effectiveness of groups of road lighting 
schemes to be compared. The method has essentially 
a kinematical basis and takes into consideration all 
factors influencing effectiveness under actual work- 
ing conditions. For instance, if arterial roads are 
under consideration, the observers will tour the roads 
at the speeds, and under the conditions for which the 
roads were designed, and for urban roads the obser- 
vers will be divided into pedestrian and slow-speed 
traffic. We feel that this method, with some refine- 
ment, and with careful consideration given to the 
characteristics to be included in any one group, is 
capable of giving results of value. Certainly the con- 
sistency obtained on the results so far taken indicate 
that we have a method giving a basis for further in- 
vestigation. 


INVESTIGATIONS BASED UPON THE SUBJECTIVE METHOD 
or ASSESSMENT. 


The first step in the investigation which follows the 
assessment is the collection of all possible data con- 
cerning the road surface and its environments, the 
installation layout, and lantern characteristics, etc., 
i.e., the measurement of all physical factors that can 
be measured, and the provision for those that cannot 
be measured by full descriptions and remarks. 

This information is tabulated, together with the 
“order of merit,” and studied with a view to deter- 
mining what factors and conditions are concurrent 
with effectiveness. If any factor to which it is pos- 
sible to assign a magnitude were found to give a 
definite relationship when plotted against “order 
of merit,” then, undoubtedly, for the type of installa- 
tion concerned that factor would be a criterion of 
effectiveness. 

Furthermore, the absence of any factor showing 
such relationship with effectiveness is a sure indica- 
tion either that all the factors influencing effective- 
ness have not been recognised, or that some factor is 
wrongly or insufficiently represented. 


REPRESENTATION OF FACTORS INFLUENCING 
EFFECTIVENESS. 


Tabulated data for three of the groups mentioned 
above, arranged in order of merit, are shown in Figs. 
5, 6, and 7. It is seen that one of the factors included 
is “ Lantern Characteristics.” The light distributing 
characteristics of the lantern determine not only the 
brightness distribution obtainable with various types 
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any level of background brightness. 


Thus the method of representing lantern data 
should at least place on record all the information 
required for the determination of all background 
brightnesses, and any glare effects which it may be 
possible to analyse and express as a separate factor. 
However, with reference to Figs. 5, 6, and 7, we have 
simplified for various reasons by representing lan- 


terns by a signifying letter. 


Fig. 5 embraces seven different roads fitted with 
five different types of lanterns. 
illuminant was a 400-watt mercury vapour electric 


In each case the 


of road, pavement, and other background surfaces, 
but also, from a glare standpoint, the effectiveness of 


point is placed fourth. 























discharge lamp. Road widths varied from 30 to 42 
feet and lantern spacing from 120 to 180 feet. 

The first four roads in order of merit have the 
same average brightness approximately, but there 
are marked differences in maximum brightness be- 
tween roads 1 and 2 and roads 3 and 4, the latter 
pair having over twice the maximum brightness of 
the first pair. 


The road adjudged tirst has the third highest test 
point figure, while the road having the highest test 


Fig. 6 concerns a group of six roads all fitted with 
tungsten filament lamps and with road widths vary- 
ing from 32 feet to 40 feet. Here the road adjudged 


385 


















































































































































































































IGHT DIis- 
INSTALLATION CHARACTERISTICS, TRIBUTION STREET CHARACTERISTICS. see 
DATA. (E.F.C.) 
Z\¢ S ® i 3 a 8 ge ‘“ Py ° ; 
Hei. i |2] 4.) e218) ses] oF : 4} phd 
tig 218] o| 2 Pie |e) a csibs 3 55 . 3 SG ae: 
Eloled|Fei8) |) 2) 6 | 2 | & | s\S5z= 54 ad 68 2|6 | S/é& 6a 
2} |66.6/2.22) S180) 27 | O 30 8 |400) A |.194\Light coloured} Con- |Brick fences) Gran-|Trees | Max. 
chips tar sealed.) crete jand hedges.) ite. [cause | .95 
General colour Slabs. |Houses set some | Min. | Av. 
grey, Rough sur- back 15 ft. ob- | .15 | .13 | — 
face, slightly Generally of struc-| Av. 
polished. low reflectivity tion.| .23 
ft. in. 
1| 2! 100)3.33) S{120, 25 | 3 6) 42 | 10 (400) B |.255)12ft. outers tight} Con- |Dark _ build-|Gran-|2 sets| Max. 
oblique setts,very| crete jings and small] ite. | tram} .85 
slightly polished.| Slabs. ‘shops. lines. | Min. | Av. 
18ft. centre dark 11 | .20 | — 
square setts tar- Av. | 
sealed. Medium .20 
| | polished. 
8| 3} 89)2.96| $/135) 25 | 8 36 | 12 |400| C |.124/Outers. Wood] Con- |Very _— dark,| Gran-|2 sets! Max. 
blocks tar sealed.| crete |high brick} ite. | of 3| 2.5 
Well -laid and] Slabs. |walls. Line of| tram | Min. | Av. 
highly polished. white stone lines.| .03 | .12 | — 
Centre ditto, but: 4 ft. above Av. 
rougher and less ground. Gen- .23 
polished. erally poor. 
3| 4) 100'3.33) S/120| 25 | 0 39 | 10 | 400! D | .32\Outers. Highly| Con- [Small shop. | Gran-|2 sets| Max. 
polished § dark| crete jand buildings.) ite. | tram| 2.4 
tarmac. Slabs. |Generally dull. lines. | Min. | Av. 
Centre. Tarmac 047 | .23 | — 
jand setts slightly | Av. 
(polished. | | .20d 
4| 5) 80.2.67| 8/150) 25 | 4 | 35 | — | 400) B |.157\Owters. Highly| Con- |Brick and Iron|Gran-|2 sets| Max. 
ae polished stone} crete jrailing fences.) ite. | of 3| 1.4 
setts. Dark Grey.| Slabs. |Generally tram | Min. 
Some tarred. poor. lines. | .036 | Av. 
Centre. Smaller Av. | .12 | — 
stone setts, tar .20 
sealed and fair 
*§ polish. | 
9} 6| 75) 2.5) 8/160; 25 | 3 35 | 10 | 400) C |.081|{Wood blocks, tar} Con- {Dark iron fen-| Gran-| Max. 
sealed. Highly| crete \ces and brick-| ite. | 1.2 
polished. Slabs. |work. One} | — | Min. | Av. 
side partly in| 03 |.064 | —- 
shadow from | Av. 
a trees. | 125 
5! 7| 100|3.33] S/120) 25 | 4 30 | 10 | 400| E |.080/Tar-sealed wood| Con- |Stone  walls| Gran-| Max. 
blocks. Slightly} crete jand buildings} ite. | 58 | Av. 
polished. Slabs. jof low reflec- | — | Min. |.066| — 
tivity. 07 
Av. 
.056 
























Fig. 5. Tabulated data on Installations 
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first has both the highest test point illumination and 
highest maximum road brightness, with a diversity 
of the latter of approximately 30 to 1. 

In general, the order of merit follows the same 
order as that of maximum road brightness. This is 
a different finding from that observed on the first 
group. 

Fig. 7 contains data for six roads varying in width 
from 44 to 60 feet and illuminated by tungsten fila- 
ment lamps. Here the road adjudged first has the 
highest figure for maximum road brightness, but a 
second road having the same figure for maximum 
road brightness is placed last but one. The diversity 
factors are respectively 33 to 1 and 150 to 1. 

The road placed last should, on road brightness 
figures, be placed superior to the road placed third. 
In this case the magnitude of mean test point illu- 
mination definitely places the two installations high 
and low in the list. 

We would emphasise that no general conclusions 
as regards importance of various factors should be 
drawn from the results given in this paper. Before 
such conclusions can be drawn it is necessary to have 
data from a considerable number of test sections. 


The above examples illustrate the general course 
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of this branch of the work that is being undertaken, 
One value that it has had has been to emphasise 
the necessity for collecting the completest data on 
the road and for very extensive measurement of such 
things as background brightnesses. This part of the 
work takes considerable time. The actual task of 
observing a group of roads and ascertaining their 
order of merit can be completed in a comparatively 
short space of time, but a very large number of 
groups should be surveyed. We think it would be 
of value if more of this could be done, and we have 
included in our paper complete directions should any 
of you desire to follow up this line of investigation, 
and to make for your own areas a subjective examina- 
tion and classification of the main lighting installa- 
tions. 


Owing to the numerous factors involved over 
which the lantern designer, and even the lighting 
engineer, has no control, the method cannot directly 
be employed for comparing lantern characteristics, 
or any one feature of installation designs, unless all 
other conditions are known to be absolutely identical. 


The method is, however, directly applicable to 
practical problems in the following manner. After 
placing, say, six installations in order of merit, an 
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Fig. 6.—Tabulated data on Installations equipped with Tungsten Filament Lamps. (Leicester No. 2.) Dry Weather Conditions. 
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F ig. 7. Tabulated Data on Installations equipped with Tungsten Filament Lamps (Leicester No. 3), Dry Weather Conditions. 


installation showing a relatively low effectiveness 
might be improved by a change of lantern, or of in- 
main layout, or by treatment of the background 
surfaces. 


Any improvement effected would then be shown in 
the order of merit obtained by a repeat test of the 
same group of installations, and preferably with a 
fresh group of observers. 


Repetition Effects. 


It is to be expected that the complete application of 
the subjective method, as outlined briefly above, may 
bring to light factors contributing to the effectiveness 
of road lighting whose importance has hitherto been 
little suspected. For example, as lighting schemes 
are extended, and it is to be hoped that in the future, 
arterial traffic routes between important cities will 
be artificially lighted, the order of merit given by a 
subjective examination may be influenced by repeti- 
tion effects. 


These can be present, due to the fact that road light- 
ing is only possible by discontinuous units. In 
traversing these a pattern is repeated at a frequency 
that depends upon the spacing of the units and the 
speed of traverse. The elements of the pattern are 
variations of lantern brightness and angle of view, 
and variations of surface brightness. Now any such 
repetition effects are probably negligible in their 
effect on visibility on stretches of roadway which can 
be traversed in a comparative short space of time, but 
may become of importance if an observer is subjected 
to them for an hour or more. 


_As the angle of maximum cut-off and the distribu- 
tion at other angles of a lantern is varied an observer 
driving at a steady speed will be exposed to corres- 
ponding varying conditions. The cyclic variation of 
light entering the observers eye will be different 
according to the design of the lantern. It is possible 
with some assumptions, to calculate this cyclic varia- 
tion, and we are indebted to Mr. C. E. Fenwick of this 


laboratory for calculations which we are using. One 
representation of the cyclic variations possible is 
given in Fig. 8. Such curves, or some development 


Sketch @) illustrates the,diagrams below. ; 

In these Figures light from the road or lantern is plotted 
as ordinates on a logarithmic scale, while the abscissae are the 
angles of the lines. of vision to road surface & lanterns. 
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of them, form an additional way of representing 
lantern characteristics and the characteristics of in- 
stallations, and it is of interest, by using them as 
described below, to examine the kinematical aspects 
of any change of lantern design in addition to the 
more usual study by way of polar diagrams, isofoot- 
candle curves, etc. 

It is not possible at present to find a number of long 
stretches of road, each fitted with a different modifica- 
tion of lantern design, and, therefore, recourse is being 
had to a model to enable the effects to be examined. 
Model roads have been in existence for some long 
time, and some are most elaborate, but owing to 
various reasons, one of which is the difficulty of 
accurate small scale reproduction of reflectors and 
refractors, they are seldom useful for any but elemen- 
tary observations. Exception should be made here to 
the model road, some 250 feet in length, at Nela Park, 
Cleveland, on which some careful scientific experi- 
ments are being carried out. 

The method we are adopting uses an apparatus con- 
sisting of a vertical screen, which can be illuminated 
to have a given degree of brightness by means of a 
light source of any desired radiation characteristics. 
This screen represents the background against which 
an object can be seen. The screen can be illuminated 
by the projection on to it of a photograph of a road, 
and further realism can be obtained by the projec- 
tion of a moving picture of a road. By suitable 
arrangements a cyclic variation of background 
brightness can be produced if necessary. 

Above the screen is placed one or more light 
sources representing the lanterns. In a simplified 
form this is a single light source, the brightness or 
area of which can be varied and which is directed 
towards the observer. The variation of brightness or 
area is calculated to correspond to that which would 
pe produced by a given lantern, and is obtained by 
suitably shaping a cam or sector. The brightness of 
the vertical screen is adjusted to that given on the 
road by the lantern. 

An observer is seated in front of the screen, and 
variation of lantern spacing and speed of travel is 
varied by varying the rate of rotation of the cam or 
sector, while variation of lantern design is obtained 
by varying the shape of the cam or sector. Under 
various conditions the time taken to recognise certain 
test objects placed in front of the vertical screen, 
after various times of exposure, tests the effect on 
visibility. 

Before any conclusive results can be obtained in 
work of this nature a very large number of observa- 
tions must be taken, and at the present time we can 
say no more than that the method seems likely to 
give useful results, and to form a method of obtain- 
ing further information on that important feature of 
lantern design, the distribution of light at angles 
near to the horizontal, and on the effects of a com- 
plete cut-off at a given angle, which is sometimes 
advocated, and of a graduated cut-off, which is pro- 
bably preferable. 


Study of Backgrounds. 


An important kinematical aspect of roadway light- 
ing concerns the behaviour and visibility of the 
components of the traffic stream at what may be 
called “ danger points.” By this term is meant any 
area in a road system in which there is a marked 
change of direction of travel of traffic, or the crossing 
of two or more traffic lanes. Such points need a 
more extensive consideration from that = by 
straight uninterrupted stretches of road. s con- 
sideration can be given by a careful study of the 
movement of traffic and of the backgrounds that 
are available to render that traffic visible. We are 
of the opinion that such study is best commenced by 
prolonged visual examination in pay tome There 
are several reasons why this survey should be made 
in natural lighting, and the strongest of these is 
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that we require to simulate in artificial lighting the 
visibility and freedom from strain associated with 
daylight. If, therefore, a study is made of the move. 
ment of traffic, and of the backgrounds against which 
this movement is seen in daylight, we are in a posi- 
tion to attempt to establish an economical artificial 
lighting system—not, of course, of the same inten- 
sity, but approaching the same effectiveness. We 


succeed in this’attempt if we can make the back. | 


grounds sufficiently bright for the same traffic move- 
ments to be seen against the same backgrounds as 
in daylight. 

_ We have used the word “prolonged” in connec- 
tion with this study. That it is perforce lengthy 
can be seen by considering what is meant here by 
“movement.of traffic.” By traffic is meant all that 
is on the road, vehicles, cyclists, pedestrians, ete, 
While, on the average, the flow of this at junctions 
and bends will follow certain well-defined routes, 
any individual unit traversing an area follows an 
individual course, which, for various reasons, may 
depart from the average. For each position that a 
unit may occupy, the backgrounds, against which an 
observer in that unit is observing the positions of 
the other units, with which he has to avoid collision, 
are to some extent different. There are thus an 
infinite number of backgrounds against which an 
object may have to be silhouetted. The prolonged 
study is necessary to ensure that in the unusual 
positions that an observer and observed object may 
occupy, as well as the usual ones, the backgrounds 
are noted, so that the necessary brightness can be 
given to them. 

It is the unusual positions that may be the cause 
of some inexplicable or narrowly averted collisions. 
As a whole, and for traffic following. its normal 
course, an area on a road system may appear ade- 
quately lighted. There may exist, however, a course 
that some traffic unit can follow, such that an object 
occupying another given position is, because of some 
background condition, virtually invisible. Under 
such conditions, the possibility of a collision is great. 

Moving observers approaching road junctions and 
bends should be given the opportunity of noting 
each other’s positions, either by silhouette lighting, 
or, if necessary, by a combination of silhouette and 
direct-vision lighting, at the soonest possible oppor- 
tunity, so that each may modify their courses to 
avoid collision. In these days of speed it is, we think, 
of greater importance to give vision in the 
approaches to a possible colliding spot than at the 
spot itself. Accidents are avoided by the continual 
alterations in speed and modifications of course that 
are possible when extended adequate vision is avail- 
able. Poor conditions of lighting at the approaches 
to a corner or junction are worse than obviously 
blind regions. 

_In considering the equipping of a road with a new 

lighting installation one commences with a road 
plan, and usually economical considerations which 
allow a certain number of units of a given light out- 
put. It is generally desirable to space the units as 
uniformly as possible in order to serve the system 
as a whole to the best advantage. If, however, a 
preliminary survey, or existing knowledge of the 
site, indicate the existence of road junctions, severe 
bends, or other danger points, the decision as to 
spacing of units and to some extent lantern charac- 
teristics should depend upon the careful daylight 
study suggested. It may be advisable to take a 
number of photographs, or even short lengths of 
cinematograph film, from a number of positions s0 
that close study can be made at leisure. Before 
fixing the positions of lighting units the individual 
responsible should have a complete mental picture 
of the road and other backgrounds, and the charac- 
teristics of the flow of traffic at any given point. 

We have prepared a short moving film, which, with 
your permission, we will now show, and which illus- 
trates some of the points that can be observed, directly 
during a study of backgrounds. Some pairs of photo 
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graphs are also reproduced here. In some parts of 
the film we have followed a cyclist, and in order that 
his position may be emphasised, he is dressed in 
white. In the photographs, and in other parts of the 
film. an increase of background brightness is pro- 
duced, for the purposes of illustration, by the use of 
a white screen draped on the background. These 
white screens serve, of course, to render useful, light 


that is already provided, or can be provided by the - 


lantern. In certain cases, an increase of the reflec- 
tivity of a background provides a most economicai 
way in which the necessary brightness can be pro- 
vided. We venture to suggest that the possibility of 
doing this to certain backgrounds should be further 
considered. It is quite certain that on some arterial 
roads, fences and kerbs exist at bends that could be 
painted at the same time as are the “ white lines,” 
and that this would contribute just as much as do the 
latter to the safety of travel, provided such provision 
is accompanied by an adequate lighting scheme. 

The photographs (taken under wet road conditions) 
in Figs. 9 and 10 illustrate an example of a side road 
joining up with a main road. This particular side 
road carries a good deal of cyclist traffic, turning both 
right and left into the main road, which carries mainly 
motor vehicle traffic. Visibility on the main road is 
excellent, but it is important that a motorist on the 
main road should be able to see the approach of the 
cyclist as soon as possible and before the latter enters 
the main road. The importance of the brightness of 
the vertical background in this connection can be 
seen by comparing the two figures. 

Figs. 11 and 12 illustrate one part of a road junc- 
tion at which five roads meet. At certain hours, one 
road discharging on to the junction carries an excep- 
tionally large burden of traffic of all sorts. It will 
be noted from Fig. 11 that the important background 
for the pedestrian has but little brightness compared 
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with the road. If the brightness of this background 
is increased visibility is much enhanced, and good 
opportunity is offered for the observation of the 
chance of collision before the colliding spot js 
reached. 

Figs. 13 and 14 illustrate another lighting and traffic 
problem, viz., a change of gradient. In this case the 
danger is increased by a sharp turn to the right. In 
the case of an object on one part of the road, such as 
the pedestrian commencing to cross it, the road 
brightness plays but little part and brightness of the 
vertical background is essential. Fig. 14 shows the 
improved visibility obtained when this is provided, 
also the opportunity to ascertain as early as possible 
the existence of the bend. In the foreground bright- 
ness of the road is essential owing to the upward 
gradient of the road. 

The above photographs are illustrative of certain 
features only. It is well appreciated that for road 
lighting to have the characteristic of high visibility 
an adequate degree of road brightness is necessary. 
In some situations the brightness of the vertical and 
other backgrounds bordering the road is of equal im- 
portance, and attention to lantern spacing and light 
control to secure this feature considerably enhances 
the effectiveness of the lighting. 


We wish to acknowledge with grateful thanks the 
help of our colleagues in the preparation of this paper 
and in particular Mr. D. S. Morphey, Mr. J. Kemp, 
and Mr. W. H. Dawson. 

We are indebted to Mr. H. Warren, Chief of the 
Research Laboratory, and to the Directors of the 
British Thomson-Houston Co. for permission to pub- 
lish this’ paper. 


DISCUSSION 


Mr. H. Warren (Chief of the B.T.-H. Research 
Laboratory, Rugby) congratulated the authors on 
their enterprise in adopting the subjective method 
of investigation. The data assembled needed careful 
study, and the results to be interpreted with discre- 
tion; but they furnished an additional method which 
could be used with advantage when others had been 


applied and perhaps exhausted. He recalled two in- 


stances of subjective attack which had yielded good 
results. A marked difference of opinion between 
cinema authorities and acoustic engineers had been 
settled by taking votes on selected characteristics 
from several large bodies of heterogeneous listeners 
to the same collection of varied sounds. The second 
example was in connection with road lighting. Al- 
though his laboratory had been actively engaged 
upon sodium lighting for a long time he personally 
had felt little enthusiasm for this system because he 
failed to appreciate its psychological and physiologi- 
cal effects. But when he had visited what he thought 
was the finest sodium-lighted road in the world, with 
parties of ordinary road users, he appreciated fully 
the merits of this type of lamp. 


Mr. T. WILKIE (Leicester) expressed his apprecia- 
tion of the work described in the paper. In Leicester, 
too, they had been trying to get something which 
would explain visibility. He recalled a series of 
photographs taken with a camera the speed and aper- 
ture of which were subject to adjustment. One test 
was to determine how quickly an observer could see 
what was written on a cackenaend some distance 
away. The experiments seemed to show definitely 
that the new system of lighting improved seeing 
power. Unfortunately, however, the observer, stand- 
ing beside the camera, was almost run down on three 


occasions by motorists, who evidently could not see 
him! In view of that experience he welcomed the 
paper as a serious effort to define the factors leading 
to good visibility Very often it was the man in the 
street who did not know anything about brightness, 
onion diagrams, etc., who was the final judge. In 
Leicester it had been found that this sort of opinion 
was worth having. In many cases one had no option 
but to ignore so-called principles of good lighting, 
simply because there were so many things over which 
the lighting engineer had no control. Street inter- 
sections must be well lighted because one could not 
ask property owners to have their fences painted 
white. Therefore, methods of general application 
and acceptable to users of the roads as a whole had 
to be devised. 


Mr. F. C. SmitH (Gas Light and Coke Co.) con- 
gratulated the authors on their pioneering work. He 
agreed with Mr. Wilkie that the reaction of the road 
user was a most important thing to ascertain. His 
company had tried to elicit this view with the aid 
of the fleet of vehicles which they owned—perhaps 
the largest privately owned in London. A meeting 
between drivers and technical men was arranged, 
and the former were encouraged to give their ex- 
periences of driving in London. It appeared that 
there were several parts of London well known to 
these men which they considered dangerous zones. 
Ultimately a charabanc drive through these areas 
was arranged and drivers were asked to record on 
sheets their answers to a series of questions. Many 
forms of lighting were included on the round. On 
the whole no very definite opinions emerged from 
this enquiry, but it was found that in a number of 
places where proper attention was given to back- 





Nov 


i aaa, Ee be BE ES eee 


359 








November, 1935 THE JOURNAL OF GOOD LIGHTING 


e ai 


| & MORE LICHT 


Ce MM venues ee 


Electric light—always the most 
economical form of lighting when 
Mazda Lamps were used—is 
now more economical than ever. 


MAz0n 


















Pearl, Clear and Opal 
—200-260 volts. 


40 watts 





75 watts LAMPS 
5 Siete WITH THE WONDERFUL 
ordinary gasfilled lamps NON x SAG ' { LAM 3 NT 
produce up to 20% more light with 
no extra cost for lamp or current. 
3594 MADE IN ENGLAND 


THE BRITISH THOMSON-HOUSTON CO., LTD. 





392 THE ILLUMINATING ENGINEER 


ground the conditions were improved. It was very 
necessary to try to correlate the reactions of road 
users with technical aspects. In this way the explana- 
tion of many things at present obscure might be made 
clear; but he felt sure that the authors would agree 
that it was useless merely to collect opinions without 
studying their relation to technical data. 


Councillor J. Byass (Bridlington), as a delegate, ex- 
pressed his appreciation at the manner in which the 
intricate problems of street lighting had been made 
clear in the papers read at the Conference. Although 
much of this work fell within the domain of the 
specialist, there was much of value to the layman, 
which they could apply in bringing about better 
street lighting in their various districts. 


Mr. J. M. Watpram (G.E.C. Research Laboratories), 
in congratulating the authors, remarked that he him- 
self has perhaps been particularly active in troubling 
the Association with intricate diagrams! It was a 
relief to turn to a real practical aspect. Much might 
be learned merely by going about with one’s eyes 
open as the authors had done. Observations of maxi- 
mum and minimum brightness might be supple- 
mented by examination of the places where they 
occurred. A limit should be put to the positions in 
which these measurements were made. There was 
something to be said for confining them to really im- 
portant regions of the road. 
maxims for boy scouts which had a bearing on 
visibility. Firstly, that things were most easily 
visible when seen against the white sky or a uniform 
light background (the white screens used on cricket 
grounds and the white screens put behind railway 
signals when the natural background was dark were 
instances); secondly, in order to be really invisible 
one should get against a patchy background, which 
recalled the principles of camouflage; thirdly, it was 
great aid to invisibility if one kept still. To those 
afraid of the complexity of kinematical aspects, it 
might be pointed out that it was almost always easier 
to see something in motion than something stationary. 


Councillor S. F. Lancriwce (Poole) also expressed 
his appreciation of the value of these conferences to 
councillors, who were thus led to understand some- 
thing of the problems with which their officials had 
to deal. His experience as an official of the Sudan 
Government for twenty-four years had impressed 
upon him the need for good illumination on the road. 
It had been his privilege to put the first motor trans- 
port from the top of the White Nile to the Belgian 
Congo and he had then formed the conviction that 
it was better to have no lights at all than to have a 
roadway badly lighted. 


Mr. Fenwick (New Zealand) drew attention to the 
continual increase in traffic on English roads. To 
widen these roads to take the additional traffic would 
involve vast expenditure, whereas, if they were 
properly lighted, the same traffic could be accommo- 
dated with a smaller width of road and at less cost. 
If arterial roads were to be really well lighted some 
form of central control seemed essential. 


Alderman A. HI. (Leicester), after referring to the 
value of such conferences, remarked on the impor- 
tance of the financial aspect. Since he had been 
attending these conferences, however, there had been 
a great improvement in the outlook of Town Councils 
towards expenditure on lighting. He welcomed the 
efforts of the Association in trying to make the 
streets as safe by night as by day. 


Councillor P. C. Vesey (Chairman, Highways Com- 
mittee, Barking) likewise expressed his interest in 
the Conference and commented especially on the in- 
ternational aspect of its work and the opportunity it 
afforded of hearing from representatives abroad. In 
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regard to expenditure on street lighting, he remarked 
that local authorities must have assurance that light- 
ing engineers could deliver the goods! 


Mr. WapswortTH (B.T.-H.) remarked that this 
paper, like that by Mr. Smith and Mr. Sawyer, had 
rather emphasised the large number of factors which 
affected visibility. He would like to know whether 
the illumination in foot-candles on the road and the 
brightness of the road were not the fundamental 
things to be determined; other matters could be 
decided after these two primary factors had been 
agreed. 


Councillor W. Cooper (Wandsworth) congratu- 
lated the research laboratories of both the gas and 
electrical industries on the research work being car- 
ried out in connection with street lighting. Asa 
representative of one of the London boroughs, he had 
had the privilege of seeing a considerable amount of 
experimental work with both forms of lighting. One 
important point was the lighting of certain minor 
streets, which were being constantly used by drivers 
round London in order to avoid the busier thorough- 
fares. Such streets now needed to be better lighted 
than in the past. 


Mr. Eve (B.T.-H.), referring to the analogy be- 
tween hearing and seeing that had been drawn in 
the paper, pointed out that reproduction of sound 
could not at the present time be undertaken exactly 
because of the bi-aural effect of the two ears. There 
mighi be some similar limitation in regard to artifi- 
cial lighting, bearing in mind that binocular vision 
played a great part in observation. Subjective 
methods might be helpful in illustrating this feature. 


Mr. L. J. Daviss, in reply, explained that in men- 
tioning the man in the street he was not tilting at 
scientific methods. The man in the street was merely 
asked to go for a walk or a ride and say what he 
thought; but the real work, which would make his 
observations of value, was that done by the scientific 
worker. He believed the time was coming when, in 
speaking of the brightness of a road area, one re- 
garded that area as being made up of a number of 
backgrounds. At the present moment an immense 
amount of work was being done on the subject, both 
in the laboratories and in the streets. There was 
every possibility of new methods of lighting being 
developed for use on the roads, and every possibility 
of more and more roads being lighted. There was 
thus room for all forms of work if, in ten years’ 
time, all our roads were to be lighted in the best 
possible manner. There was always a danger, when 
technical aspects of these problems were discusse 
in detail, that the impression might be created that 
we did not yet know how roads should be lighted! 
It was necessary to correct this impression, which 
could readily be refuted by observation of some of 
the best lighted roads of to-day. 


(The remaining two papers read before the Conference, by 
Mr. Ronald Parker and by Dr. Adolph, will be dealt with in 
our next issue.—ED.) 





Highway Lighting 

A study of highway lighting recently presented 
before the Illuminating Engineering Society (U.S.A.) 
by K. M. Reid and H. J. Chanon, presents some points 
of interest. The authors uphold the view that “ vision 
by silhouette” is the chief method of discerning 
objects on the roadway. They found little difference, 
so far as visibility is concerned, between incan- 
descent, sodium vapour and mercury vapour lamps. 
They estimated that 50 per cent. of the illumination 
is commonly wasted owing to glare, and advocated 
a complete cut-off of the light at an angle of approx! 
mately 10 degres below the horizontal. 
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(Abstracts of Recent Articles on Illumination 
and Photometry in the Technical Press) 


(Continued from page 341, October, 1935.) 


1l.—PHOTOMETRY. 





985. British Standard Specification for Portable Photo- 
meters. 


Visual Type (No. 230, 1935). 


A revised version of this specification has been issued. 
The limits of error have been reduced from 15 per cent. 
to 10 per cent., and the effective range has been modified. 
An appendix deals with measurements involving large 
colour differences. The revision has been effected at the 
desire of the B.S.S. Street-Lighting Committee. J. Ss. D. 


986. Photoptometer for Measuring Acuity at Low 


Illuminants. 


Emile Haas. Rev. d’Opt., Vol. 14, No. 6-7, p. 248, 
June-July, 1935. 


Describes an apparatus the main feature of which is 
a simple optical system by which the brightness of a test 
object is made proportional to the length of the filament 
of the lamp which illuminates it. A window of variable 
aperture regulates the length of filament exposed to the 
object, so that the brightness can be measured simply 
and with accuracy. R. G. H. 


287. Notes on Physiological Optics. 
D. Couvreux. Lux, pp. 98-106, September, 1935. 


This serial article deals fully with visual sensations, 
measurements of acuteness of vision, appreciation of 
form, glare, etc. 7 8D: 


288. Application: The Use of Photoelectric Cells in Photo- 
metry. 


P. Fleury and G. A. Boutry. R.G.E., 38, 10, pp. 323- 
333, September 7, 1935; A. Gouffé, R.G.E., 38, 11, 
pp. 355-359, September 14, 1935. 


A comprehensive account of those photoelectric cells 
now recognised as suitable for photometric work, and 
some of their most useful applications. Wi. He 8: 


289. The Standardisation of Photoelectric Celis for the 
Measurement of Visible Light. 


H. H. Poole, W. R. G. Atkins. Elect. 115, p. 414, 
October 4, 1935. 


A summary is given of a paper by the authors before 
the Royal Society dealing with the characteristics of 
nineteen types of cells with various light sources. 

C. A. M. 


290. Photoelectric Reflection Meter. 
Anon. El. Times, 88, p, 308, September 5, 1935. 


A photograph and description of a self-contained reflec- 
tion meter. An annular photoelectric cell has mounted 
in its centre a calibrated lamp: the cell is screened from 
direct light. The apparatus is applied to the surface 
under test, and the reflected light falls on the photocell, 
which produces a deflection on a microammeter. The 
apparatus can be calibrated against a surface of known 
reflection factor. Ww. R. S. 


291. The Photox. 
Anon. Frank. Inst. J., 220, p. 401, September, 1935. 


A short description is given of a photoelectric cell of 
the copper-oxide type. Good sensitivity and linearity 
are claimed, and the response to the spectrum is said to 
correspond more closely to that of the eye than any 
other device without special filters. Sai B 





11l.—SOURCES OF LIGHT. 





292. Indoor Discharge Lamps. 
R. M. Lester. Elect., 115, p. 411, October 4, 1935. 
A description, with photographs, is given of cold 
cathode discharge tube lighting in a private house. 
Cc. A. M. 
293. Discharge Lamps Without Choke Coil. 
Anon. El. Times, 88, p. 308, September 5, 1935. 


Describes a high-pressure mercury vapour discharge 
lamp, in which is incorporated a tungsten filament. This 
filament is said to stabilise the discharge, thereby dis- 

ensing with the need for a choke in series with the 
amp, and also to improve the colour of the light. 

W. R. S. 


294. Tungsten Electrode Arc-Lamp for Ultra-Violet 
Work. 


Anon. Rev. d’Opt., = No. 8, p. 293, August, 


The arc is struck between tungsten electrodes in an 
atmosphere of nitrogen. The electrodes are connected 
to the terminals of a condenser. A potential of 25,000 
volts is applied. The radiation emitted includes the 
Schumann region from 2400-1250 A. R. G. H. 


295. Luminous Tubes for Interior Lighting. 


A. Vallat. B.I.P., pp. 178-183, October, 1935. 
Available types of luminous tubes are discussed, and 
a table giving the consumption per metre of those con- 
taining neon, argon, and helium is presented. Some 
typical decorative installations are described. J. s. p. 


1V.—LIGHTING EQUIPMENT. 


296. Flameproof Lighting Fittings. 
Anon. El. Times, 88, p. 400, September 26, 1935. 

A photograph and description of a new. flameproof 
fitting. This is one of a series employing a system of 
cable and coupling which is claimed to have great 
flexibility. W. R. S. 





297. Cinema Arc Supply. 
Anon. Elect., 115, p. 346, September 20, 1935. 


A_ brief description is given of polyphase rectifier 
equipment developed for steady screen illumination 
values in cinemas. Cc. A. M. 


298. Lighting Developments. 
Anon. Elect., 115, pp. 382-384, September 27, 1935. 


Details, with photographs, are given of new develop- 
ments in lighting fittings. C. A. M. 


299. New Fitting for Enfield Street Lighting. 
Anon. El. Times, 88, p. 308, September 5, 1935. 

A description, with a photograph, of a recent design 
of street-lighting lantern for use with gaseous-discharge 
lamps. A reflector system of light control is employed, 
and various adjustments are provided to allow for bends 
and varying gradients in the road. W. R.S. 


V.—APPLICATIONS OF LIGHT. 


300. Lighting—Quality and Quantity. 
T. N. Riley. El. Rev., CXVII., No. 3,019, p. 434, 
October 4, 1935. 
The article explains briefly how the eye adapts itself 
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to different intensities, suggesting that within reason, 
and if other things are equal, seeing is just as certain 
and as comfortable under low illuminations as under 
high illuminations. It is then concluded that as much 
attention should be paid to the quality of the lighting, 
i.e., absence of glaring sources and of harsh shadows, 


. as to the quantity of light. R. G. H. 


301. Departmental Committee on Street Lighting. 


Interim Report. H. M. Stationery Office, Septem- 
ber, 1935. 


_ This Committee, appointed in June, 1934, now issues 
its interim report, which deals in turn with adminis- 
tration; technical control; experimental work; and 
extraneous lighting. The Report is terminated by a 
series of 20 conclusions in which the desirability of 
uniform and adequate lighting; the drawbacks of the 
present system of administration; the necessity for a 
minimum standard of lighting on traffic routes such 
that drivers can proceed at 30 m.p.h. without headlights; 
the importance of maximum contrast between object 
and background; mounting heights of 25 ft. with 6 ft. 
overhang; avoidance of glare; preferential use of 
road surfaces being light in colour and of good 
reflecting value, etc., are emphasised. ao8:D: 


302. Rural Road Lighting. 
Gas Times, September 7, 1935. 


_ An illustrated description of a successful experiment 
in lighting of rural roads in France. Pie, cig to 


303. Illuminated Traffic Bollards. 
Gas Times, September 21, 1935. 


An illustrated description of gas-lighted traffic bollards 
in Hampshire. ; JG. e. 


304. Highway Lighting—Face to Face. 


Earl Whitehorne. El. World, 105, pp. 2,330-2,332, 
September 28, 1935. 


The author stresses the importance of good lighting 
of the highways in the prevention of accidents. Figures 
are quoted where increase of lighting has had beneficial 
results and a decrease of lighting has led to more 
accidents. It is shown that the additional cost of better 
lighting is generally more than offset by the saving in 
loss, damage and insurance costs. The value of demon- 
stration sections is noted, and a definite course of action 
is recommended. S.S.B. 


305. The Important Role Played by Street Lighting in 
; Automobile Fatalities. 


Anon. Elect. —— 54, p. 969, September, 


A chart is given showing the percentage of the daily 
total of automobile fatalities falling in any period of 
the day. This is compared with the percentage of the 
total daily traffic occurring at any time. The effect of 
darkness on their relative values, and also the influence 
of different grades of street lighting are discussed. 

S.S. B. 


306. Fewer Accidents on Discharge Lamp Lighted Roads. 
Anon. Elect., 115, p. 331, September 20, 1935. 


Comments are made on the first accident statistics for 
a recent installation of sodium vapour street lighting 
units near Paris. C. A. M. 


307. Groydon Airport Lighting. 
Anon. Elect., 115, pp. 407-408, October 4, 1935. 


Full details are given of the various types of aerodrome 
equipment recently installed at Croydon. Similar equip- 
ment is to be installed across India. C. A. M. 


308. Lighthouse Illumination. 
Gas Times, August 17, 1935. 


Describes the use of gas in the lighthouses under the 
control of the Montrose Harbour Trustees. J.G. C. 


309. Industrial Efficiency. 
“Works Engineer.” weg p. 440, October 11, 


The use of the hot cathode discharge lamp for indus- 
trial purposes is discussed in detail. C. A. M. 
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310. Lighting of Foundries. 
Anon. Elect., 115, p. 453, October 11, 1935. 


A summary is given of a paper by R. W. Daniel on 
present-day practice in foundry lighting. C. A. M, 


311. Printing Press Light Requirements. 
Anon. El. World, 105, p. 2,366, September 28, 1935. 
After investigation of existing practice, the Chicago 
Lighting Institute has developed a recommended lay-out 
for the ordinary two-revolution flat bed cylinder press, 
Details of this scheme, with resulting illumination 
values, are given. S.S.B. 


312. Architectural Lighting. 
R. O. Sutherland. Elect., 115, pp. 359-360, 
September 27, 1935. 


Present tendencies in architectural lighting are dis- 
cussed. Photographs of recent installations are given. 
C. A. M. 


313. Lighting at the Brussels Exhibition. 
P. Brune. Lux, pp. 107-111, September, 1935. 
A brief illustrated description of the lighting of the 


Brussels Exhibition, with views of some of the lighted 
pavilions. J.S.D. 


314. Kingston Guildhall. 
Anon. Elect., 115, p. 454, October 11, 1935. 
Details with photographs are given of new lighting 
equipment installed at the new Guildhall at Kingston- 
on- cain C. A. M. 


315. Church Lighting. 
Anon. Elect., 115, p. 420, October 4, 1935. 


Two church lighting installations in London are 
described with photographs. C. A. M. 


316. The New Lighting Bureau. 
Anon. El. Times, 88, p. 317, September 12, 1935. 
A description with photographs of the Elma Lighting 
Service Bureau, with an account of experiments now in 
progress to determine the desirable level of artificial 
illumination for a given task. Ww. R.S. 


317. A Gas-lighted Demonstration Hall. 
“Gas Journal.” October 2, 1935. 
An illustrated description of a gas-lighted demonstra- 
tion hall in Dublin. The lighting of a café, also with 
gas, is likewise described. I.G.G 


318. 22 Foot-candles for Department Store. 
Anon. El. World, 105, p. 2354, September 28, 1935. 
Full details are given of the lighting installation, in an 
American store. A special built-in design of unit is em- 
ployed, using prismatic glass plates, some _ with steel 
louvres and others flush mounting in the ceiling.. An illu- 
mination of 22 foot-candles at counter level is claimed, 
with an expenditure of just under 3 watts per square 
foot of surface. Ss. S.B. 


319. Commercial Lighting. 
Anon. Elect., 115, p. 393, September 27, 1935. 
Details are given of a new type of lighting fitting in 
which six different combinations of glassware are 
obtained. C. A. M. 


320. The Evolution of Outdoor Lighting. 
J. Dourgnon. B.ILP., pp. 174-178, October, 1935. 
The author recalls early ideas and traces the develop 
ment of modern methods, including floodlighting; a bat- 
tery of projectors on wheels for this purpose is illus- 
trated. J.s. D. 


321. Floodlighting With Gas. 
“Gas Times.” October 5, 1935. 

Contains illustrations of floodlighting with gas on the 
occasion of the annual conference of the British Com- 
mercial Gas Association at Edinburgh durin October. 
An illustration of the floodlighting with gas of the Coat- 
bridge War Memorial is also given. 
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Did you see it? 


One of the focal points of the 
Shipping Exhibition was the 
G.V.D. Lighting exhibit. Every 
day large numbers gathered to 
admire the varied applications of 


CONTROLLED 
LIGHT 


and to learn how improved illumi- 
nation can be secured whilst 
actually reducing current and lamp 
costs by as much as 75%. 


The units incorporated in the 
stand include : 


FACIA LIGHTING 
using only four 100-watt bulbs 
where normally 24 bulbs would 
be used. 





TWO 5-ft PILLARS 
each using only one 150-watt 
lamp. 


SOFFIT LIGHTING, DOUBLE 
WINDOWS, LAYLIGHTS, 
PELMET LIGHTING 

CORNICE LIGHTING, PEN- 
DANTS (direct), BRACKETS 
(indirect), FLOOR PEDESTAL, 
ORNAMENTAL BOX 
FITTING, DAYLIGHT 





Some of the units displayed at the exhibition 


may be seen in our Showrooms. Please call 
for a demonstration. STANDARD, etc. 





G.V.D. 


ILLUMINATORS 


LIMITED 


ALDWYCH HOUSE, ALDWYCH, LONDON, W.C.2. *PHONE: HOLBORN 7277-8 
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No. 432,962. “Improvements in Miners’ Safety 
Lamps.” ¥ 
Hailwood, E. A., January 31, 1934. 

According to this specification a safety lamp is 
provided with an outer tube-like fitting, within and 
below the dome, spaced from the upper part:-of the 
wick-tube and equipped with upper directing lips 
in order that air may pass between the wick-tube 
and outer fitting and be directed to the flame. 


No. 433,365. “Improvements in Luminous Electric 
Discharge Tubes.” 
The General Electric Company, Limited, March 
29, 1934. (Convention, Germany.) 

This specification relates to discharge tubes filled 
with a metal vapour which absorbs the radiation 
which it emits, such as sodium vapour. According 
to the invention a discharge tube of this type com- 
prises within the main envelope a closed inner tube, 
which tapers from its middle towards its ends, so 
that the discharge area is constricted near the middle, 
more heat is developed and the accumulation of solid 
sodium in the middle is minimised. 


No. 433,577. “Improvements in and. Relating to 
Miners’ Safety Lamps.” 
Jones, T. A., September 4, 1934. 

According to this specification, in order to prevent 
over-heating of the oil chamber and exterior of a 
miners’ lamp and to provide an additional safety air 
inlet, the lamp comprises an inner shield which is in 
contact only with a deflector ring, a central outlet 
above the gauze for the escape of the products of 
combustion, and an outer bonnet which is not in con- 
tact with the top of the lamp. An inner glass chimney, 
flanged outwardly at the base for mounting, may 
operate as a combined inner glass and combustion 
tube without contacting with the gauze. Heat insulat- 
ing washers may be provided at various points. 


No. 433,787. “Improvements in and Relating to 
illuminating Devices.” 
Rivier, L., February 22, 1933 (Convention, 
Switzerland). 


According to this specification an illuminating 
device comprises two or more spaced light sources at 
equal distances from the axis of a reflector having 
the shape of a surface of revolution. The light sources 
are disposed in a plane perpendicular to the axis of 
the reflector and between the axis and the reflector 
so that the reflector portions nearest each source 
reflect each a luminous flux containing parallel rays 
whereby the polar curve of light distribution ex- 
hibits maxima corresponding to the several sources. 
The device may comprise a spherical bulb having a 
silvered zone and enclosing a number of coiled fila- 
ments. It would seem that the filaments must be 
mid-way between the spherical bulb-wall and the 
bulb centre. 


No. 433,794. “Improvements in Traffic Beacons, 
Street Lamps, and the like.” 


Gunning, J. R. W., February 21, 1934, and June 14, 
1934 (Cognate Applications). 
According to this specification a traffic beacon or 
the like comprises a column, having in its head a 


light source, and a reflecting surface within the 
column inclined to the vertical and decreasing in 
width from the top downwards for reflecting light 
from the source through openings or transparent 
parts of the column. The reflector may be curved in 
horizontal section, for example trough-shaped or re- 
entrant trough-shaped. 


No. 433,948. “improvements in or Relating. to 
Navigation Lights.” 
Green, H. N., February 17, 1934. 
According to this specification a navigation lamp, 
particularly for air-craft, has a globe formed of a 
base and a dome, which butt together in a plane per- 
pendicular to the longitudinal axis of the lamp, and 
provided with a silver or other reflector on its in- 
terior surface The reflector may be such as to deter- 
mine the required angles of visibility in the horizontal 
and vertical planes. In a port or starboard light the 
globe may be moulded with a panel extending above 
and below the horizontal plane containing the longi- 
tudinal axis. Part.of this panel, on one side of a plane 
transverse to the longitudinal axis, may be parabolic 
in transverse section and may be circular in longi- 
tudinal section, while the other part may be para- 
bolic in both transverse and longitudinal sections. 


No. 434,119. “Improvements Relating to Light- 
Measuring Instruments.” 
The British Thomson-Houston Company, Limited, 
and Ruff, H. R., February 19, 1934. 

This specification covers a photometer, foot-candle- 
meter or the like comprising a casing containing a 
photo-electric or photo-voltaic cell, a lens for direct- 
ing light upon the cell, viewing means to enable the 
operator to determine when the cell is illuminated 
and a direct-current instrument for indicating the 
output of the cell. 


No. 434,123. ‘“ Improvements in or Relating to Elec- 
tric Incandescent Lamps.” 
N. V. Philips Gloeilampenfabrieken, March 2, 
1933 (Convention, Germany). #.' 
This specification relates to.screened filament in- 
candescent lamps, such as are uséd for-vehicle head 
lamps. In such lamps; when the filaments are 
attached to the screen, the filaments frequently burn 
out at the point of such attachment, and to avoid 
this, according to the specification, the filament 1s 
secured to a curved part of the screen which has a 
cross section decreasing towards the point of attach- 
ment of the filament, and is provided with surfaces 
which decrease the temperature of that point. 


No. 434,164. “Improvements in Miners’ or the like 
Safety Lamps.” 

Hailwood, E. A., December 27, 1933, and Decem- 

ber 24, 1934 (Cognate Applications). 

This specification covers a safety lamp having 4 
guarded air band in the form of separable inner an 
outer gauzes arranged below or near to the outer 
glass in which the inner gauze ring is arranged to 
connect the oil vessel to the upper part of the lamp 
and carries a separable outer-gauze, means being 
provided on the outer gauze ring for the support of 


an outer guard ring so that it is impossible to 


assemble the lamp with one ofthe gauzes missing. 
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Recent Patents d 


(Abstracts of recent Patents on Illumination & Photometry.) 
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NOTHING setter FOR STREET LIGHTING 


HE very remarkable performance of the new ‘‘London’”’ 

Lamp has proved a revelation to many Public Lighting 

Authorities, who, after exhaustive tests, have declared 
that there is NOTHING better for their purpose. 


The ‘‘London’’ Lamp is definitely the challenge of Gas 
for the Blue Riband of Public Lighting. . ..... 


All particulars from 


~ BS UGG 


Sige © COMPANY LIMITED 
SUGG RANELAGH WORKS ,CHAPTER ST. 
“sean WESTMINSTER. S.W.1. 
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Interim Report 


of the 
Ministry of Transport Departmental 
Committee on Street Lighting* 


The Interim Report of this Committee, which was 
appointed in June, 1934, was issued last month. In 
the introduction, it is remarked, the functions of 
street lighting are grouped under four headings, 
namely, (a) the convenience and safety of road users, 
(b) police purposes, (c) the convenience of residents, 
and (d) special purposes in shopping areas and urban 
centres. A list of the bodies which have been invited 
to give evidence is presented, the two first on the list 
being the Illuminating Engineering Society and the 
Association of Public Lighting Engineers. 


ADMINISTRATION. 


Under the heading of “ Administration,” which has 
an evident bearing on technical possibilities, it is re- 
called that power to light roads was given to parish 
councils by the Lighting and Watching Act, 1894, and 
to urban authorities by the Public Health Act, 1875. 
Section 23 of the Road Traffic Act, 1934, empowers a 
county council to exercise lighting powers in certain 
circumstances. But all these powers are permissive. 
There is no obligation to provide street lighting (ex- 
cept in the case of road obstruction)—though in 
Scotland a definite obligation is imposed. 

It has been urged that lighting of public roads is 
of equal importance to their efficient maintenance, 
and that this responsibility should be imposed on 
local authorities by statute. The grouping of local 
authorities or confining authority to the larger units 
has also been suggested. It is recalled that on 31.8 
miles of Class I. road carrying heavy traffic there are 
in use nineteen different lighting systems controlled 
by twenty-four different authorities, whilst on thir- 
teen miles of arterial road near London there are 
twenty-seven varying standards of lighting ranging 
from reasonable adequacy to none at all. The Com- 
mittee emphasises the importance of reasonable uni- 
formity, and is satisfied that the present system of 
administration does not ensure uniform and effective 
lighting on traffic routes. 

This leads to the suggestion that the cost of street 
lighting should be met in some degree from national 
funds; in that event the Government Department 
responsible for issuing grants should be empowered 
to specify an appropriate standard. The total annual 
cost of providing and maintaining a reasonable stan- 
dard of lighting is estimated at approximately £300- 
£400 per mile—75 per cent of the average cost to 
county councils of the maintenance of Class I. roads 
throughout the. country. If all classified roads in 
county boroughs and 20 per cent. of classified roads 
in counties are lighted to the appropriate standard 
the approximate annual cost would be £33 millions. 


TECHNICAL ASPECTS. 


In commenting upon technical matters, the Report 
records opinions to the effect that “pools of dark- 
ness” resulting from even distribution of light on the 





* Issued by H.M. Stationery Office. Price, 3d. net. 
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roadway form a source of danger. Objects on the 
carriage-way are, in general, seen by silhouette. In 
order to test effects of road brightness, on which such 
vision depends, a flat and straight length of road 
half a mile long has been adopted for experimental 
purposes. Most witnesses concur that the minimum 
standard of lighting for roads carrying traffic routes 
should be such as will enable drivers to proceed at 
30 m.p.h. without the use of headlights. A “ gener- 
ously planned Class F'” installation, according to the 
British Standard Specification, is suggested as a sat- 
isfactory criterion. Subsequently the Report gives 
reasons for preferring a mounting height of 25 feet 
with 6 feet overhang, and a limit to spacing not 
exceeding 150 feet on straight roads. In regard to 
glare, it is suggested that fittings are such that the 
ratio of the peak c.p. to the average of values in all 
directions downward lying between 30° and 45° from 
the vertical does not exceed 6 feet can be used with 
advantage when mounted 25 feet or more above the 
carriage-way, but that the use of fittings having a 
higher ratio should be abandoned. The arrangement 
of light sources along the highway seems to be 
largely a matter of individual preference, but prac- 
tically all witnesses agreed that confining lamp posts 
to one side of the road results in defective lighting 
and is to be discouraged—except in the special case 
of bends, where advantage attaches to placing posts 
on the outer edge of the curve. 


CONCLUSIONS. 


The following are some of the most important con- 
clusions (there are twenty in all in the actual 
report) :— 


There should be reasonable uniformity in the light- 
ing of traffic routes. 

Consideration should be given to the responsibility 
for lighting of traffic routes being confined to large 
administrative units, and to the suggestion that the 
cost of lighting roads should be aided by grants from 
national funds. 

Adjoining authorities should confer together with 
the ‘object of securing uniform lighting on routes of 
common interest. 

For traffic routes the minimum standard of lighting 
should be that which enables drivers to proceed with 
safety at 30 m.p.h. without the use of headlights; on 
such routes the lighting units should be of at least 
the number and power of those required for a gen- 
erously planned Class F of the British Standard 
Specification. 

A mounting height of 25 feet with 6 feet overhang 
is desirable; normally the distance between lamps 
should not exceed 150 feet. 

Single side lighting should be avoided except at 
bends. 

Lighting authorities should be advised by an 
engineer competent to deal with street lighting. 

In other recommendations, such matters as the 
securing of maximum contrast between object and 
surroundings; the adequate lighting of kerbs and foot- 
ways; grading the lighting in transition from traffic 
routes to side streets; and the desirability of good 
reflection characteristics and lightness of colour for 
road-surfacing materials are emphasised, 
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TE i os Light fittings of distinc- 
tive character figure largely in the 
decorative treatment throughout this 
new building. The G.E.C. was en- 
trusted with the manufacture of all 
the lighting fittings, and OSRAM 
Lamps are used throughout. 





waelUlUheCltC 


Architects : 
Sir Aston Webb & Son. 
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Chamber showing 
— designed 

E.C. Pendant 
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Brackets. 
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Edited by C. J. W. GRIEVESON, B.Sc., M.A. (Oxon.) 
CONTENTS 


LIGHTING IN THE SERVICE OF MANKIND. By Clifford C. 
Paterson, O.B.E., M.Inst.C.E., M.1.E.E., F.lnst.P. 
RADIATION: LIGHT AND THE EYE. By J. W. T. Walsh, 
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J. Jones, M.Sc., M.1.E.E. 

GAS LAMPS AND THEIR CHARACTERISTICS. By F. C. 
Smith, A.M.Inst. GasE. 

DAYLIGHT: COLOURED LIGHT. By J. W. T. Walsh, 
M.A., D.Sc., M.1.E.E. 


““Since each chapter is written by an acknowledged expert in his subject it goes without saying that the matter 
is accurate and, in general, well presented . . . The editor is to be heartily congratulated on his work. He 
and the authors have collaborated to produce a book which will be of great value to students of illuminating 
in the promotion of good lighting.’’—ELECTRICIAN. 


engineering and, indeed, to all who are interested 
Demy 8vo. 229 Pages. 





ILLUMINATION 


PHOTOMETRIC STANDARDS, LAMP PHOTOMETRY, AND 
ILLUMINATION MEASUREMENTS. By J. T. MacGregor- 
Morris, M.I.E.E. 

THE REDISTRIBUTION OF LIGHT. By G. H. Wilson, B.Sc., 
A.M.I.E.E. 

LIGHTING FOR DECORATION AND ENTERTAINMENT. By 
A. B. Read, A.R.C.A. 

PUBLIC LIGHTING. By J. F. Colquhoun. 

LIGHTING FOR SAFETY, HEALTH, AND WELFARE. By H. 
C. Weston. 


109 Illustrations. 13s. 6d. net 





THE THEORY AND DESIGN OF ILLUMINATING 


ENGINEERING EQUIPMENT 
By L. B. W. JOLLEY, M.A., M.1.E.E., J. W. WALDRAM, B.Sc., and G. H. 
WILSON, B.Sc., A.M.1.E.E. Members of the Staff of the Research Labora- 
tories of the General Electric Co., Ltd., Wembley. Royal 8vo. 740 pages, 
571 illustrations in line and half-tone. 45s. net. ‘‘ To say that this book is by far 
the best and most complete that has ever appeared on the subject would be a very 
inadequate impression of the skill and thoroughness with which the authors have 
carried out their task. .. . The second part of the five parts into which the book is 
divided is devoted to a description of sources of light. This is a very valuable 
portion of the k. . . . The section on traffic control is parti¢ularly good . . . 
there can be no doubt that the book will have a wide appeal.’’—///uminating Engineer. 


A TEXT BOOK OF ILLUMINATION 


By WILLIAM KUNERTH. Ph.D., A Pr of Physics, lowa 
State College. Medium 8vo. 269 pages. Illustrated. 15s. net. 








LIGHTING CALCULATIONS 


By H. H. HIGBIE, Professor of Electrical Engineering, University of 
Michigan. Medium 8vo. 51/4 pages, II5 figures. 25s. net. ‘* This book cannot 
fail to be of the greatest value not only to all who are interested in the training 
of illuminating engineers, but also to those who have themselves to carry out 
lighting calculations. The author covers the whole of the subject of illumination 
calculations, and in many cases shows how the formule employed are derived 
from first principles. . . . The book is well produced, and the many complicated 
formule given are remarkably free from errors.’’—The Electrical Review. 


ILLUMINATING ENGINEERING FOR STUDENTS AND 
ENGINEERS 


By FRANCIS E. CADY and HENRY B. DATES. Second Edition. Medium 
8vo. 515 pages. 186 figures. 25s. net. 





Fuller details of these volumes may be had free on application 


CHAPMAN & HALL LTD., Il, HENRIETTA STREET, LONDON, W.C.2 








Mazda Mercra Lighting at Dewsbury 





The Dewsbury Bus Station of the Yorkshire Woollen 
District Transport Co., Ltd., illuminated by Mazda 
Mercra Lamps in BTH Circra Lanterns. 





Contracts Closed 


_ THE British THomson-Houston Co., Lp. 


Borough of Leyton—For the supply and erec- 
tion of 267 Diron lanterns, control boxes, and 
Mercra lamps (second order). 


Corporation of London —For twenty-three Circra 
lanterns, control gear, standards, and Mercra 
lamps for the Metropolitan Cattle Market. 
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Which Type of Illuminated Guard Post 
Do you Need? 


In the Gowshall catalogue, Highway Authorities are offered a choice from no less 
than fourteen distinct types of Illuminated Guard Posts. 


Each type of Post is designed to meet definite requirements in the matters of site, 
traffic conditions, cost of erection and maintenance, so that it is possible to select 
from stock a post that will fulfil efficiently all normal needs. 

Where exceptional circumstances must be taken into account, the fullest co-operation 
is offered, either in the adaptation of standard types, or the production of special designs. 


The standard Gowshall Illuminated Guard Posts comprise the White Knight ; White 
Lady; White Duke; Arc-Angel ; Sentry; Minor ; and Black and White. See them 
at the Exhibition. 


Full specifications of each post and details of minor modifications possible, are quoted 
in Catalogue (Section 3) a copy of which will be supplied with pleasure. 3 
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How Much is Your Life Worth? 


This is the arresting title of a leaflet issued by the 
General Electric Co., Ltd., and containing particulars 
of Osram automobile lamps. Motorists do not need 
to be told of the vital importance of accurate align- 
ment of the filaments in headlights, on which their 
whole success depends. Osram automobile lamps, be- 
sides complying with the specification of the Society 
of Motor Manufacturers and Traders, can be furnished 
with a highly ingenious device for securing exact 
axial alignment based on the superimposing of two 
images of the filament, one red and one green. 





Lighting Trades, Ltd., and Welsbach Light 


Co., Ltd.; Autumn Catalogue 


This catalogue (No. 114) covers a wide range of 
appliances. The initial pages are devoted to Wels- 
bach and Ironclad mantles, including varieties for use 
with pressure paraffin, petrol, and air gas burners, 
and standard burners, nozzles, and accessories. The 
range of glassware and fittings includes the latest 
forms of diffusing bowls suitable for semi-indirect 
lighting. Some of the panel brackets are similar in 
design to architectural lighting types for electric 
lighting and a variety of silk shades is included. Out- 
door lamps, directional reflectors “inline” flood- 
lighting units with 6 or 10 mantles in line, also figure 
in the catalogue which is concluded by a section deal- 
ing with gas heating appliances. 





Sieray-Dual Lamps at Preston 





The above photograph illustrates the first installation 
at Preston (Lancashire) of the new Sieray-Dual Lamps, 
comprising a combination of an electric discharge tube 
and a tungsten filament, described in our last issue 
(p. 348). The lamps are mounted in Preston-Sieray 
lanterns and are spaced 140 ft. apart. The mounting 
height is 25 ft. and the projection over the roadway, 
which is 40 ft. wide, is 6 ft. 











Night photograph of the new pier at Dun Laoghaire 
(Irish Free State) lighted by Holophane 500-watt Duo 
Dome Refractor Units in ornamental lanterns. These 
units furnish an assymetrical beam of | 80°, thus con- 
centrating the rays on the roadway and avoiding stray 
light on the water on either side. The posts are 22 ft. 
high and the height to’the double lanterns is 20 fe. 





F. H. Pride; Extensions of Business 


The business of Messrs. F. H. Pride, illuminating 
engineers, 69-81, High-street, Clapham, S.W.4, has 
recently been extended by the establishment of a 
special section devoted to the design and construc- 
tion of all forms of electrical gear required in the 
equipment of modern cinemas, notably projection 
control gear, dimmer banks, switchboards, etc. 

The new department is under the control of 
Mr. B. T. S. Gamble, a member of the Illuminating 
Engineering Society, who has a wide experience in 
this branch of the industry, and is well-known 
throughout the engineering profession. 

We understand that Messrs. F. H. Pride have just 
completed a number of important cinema contracts 
for lighting fitments, panels, dimmers, or other acces- 
sories. Amongst the theatres thus supplied are the 
Theatre Royal (Dublin), Gaumont (Manchester), 
Playhouse (Louth), Cabot (Bristol), etc. 





Hailware Lighting Fittings 

The adjacent illustration is one 
of a variety illustrated in a re- 
cent ‘“Hailware” list. These 
enclosed diffusing fittings are 
now very popular. There are 
also shown cylindrical designs 
and ingenious wall and ceiling 
fittings. 
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asks The Daily Express 
in its campaign against 
the Death Trap Roads 
of Great Britain. 








The illustration shows an arterial 
road at Liverpool lit by Philips Philora 
street lighting system. The result is 
an evenly lit, shadowless surface, 
throwing up into strong contrasts any 
object upon it. Yet Philora lighting 
is 50% more economical than normal 
methods of street illumination. 















SEE THAT THE ROADS UNDER YOUR 
| CARE are lit by 


PHILIPS PHILORA 


SODIUM LIGHTING 


AND MERCURY LIGHTING 
“THE SAFEST STREET LIGHTING IN THE WORLD” 


PHILIPS LAMPS LTD.,; I45 CHARING CROSS ROAD, LONDON, W.C.2. 








































Nine Years’ Progress at Croydon 


At a meeting of the Thornton Heath Ratepayers’ Associa- 
tion some interesting data in regard to the growth of the 
Corporation Electricity Department were given. During the 
last nine years the total revenue has been approximately 
doubled, the average price per unit nearly halved, and the 
units generated increased about five times, whilst the units 
applied to public lighting have increased from 813,000 to 
2,500,000. 


New Lighting in Rochester 


The accompanying illustration shows an installation of 
Philips “ Philora” 400-w. mercury lamps in Corporation- 
street, Rochester. The poles are spaced at 200 ft. apart, and 
the bi-multi fittings are mounted at 27 ft. The installation 
was carried out by the Kent Power Co., Ltd., in co-operation 
with the Electric Street Lighting Apparatus Co., and under 
the supervision of Mr. H. 'B. Harvey, M.LE.E. ‘“‘Philora” street lighting in Rochester. 











Made specially for YOU 


ALTHOUGH standard NIPHAN cable couplings 

and plugs are made in a wide range of sizes and 
capacities, we are often asked to design special fittings ag 2g 
for unusual applications. If, after looking through out 
illustrated catalogue (free on request) you do not find 
what you want amongst the existing NIPHAN fittings, 
we'll be glad to prepare special designs for you. 


SIMMONDS AND STOKES, LTD. 


en enn 4, Vernon Place, Southampton Row, London, W.C.1 ae 


ss Telephone : Holborn 8637. Telegrams : ‘‘ Niphon, Westcent, London.” way Tee Socket. 
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4-WHERE TO BUY: 
Dy A A DIRECTORY OF LIGHTING EQUIPMENT 


We invite applications for spaces in this new section of the journal. Particulars of terms 
for each space (approx. 1 inch deep and 3} inches wide) are given below. 

These terms are equivalent to half our ordinary advertising rates, but not less than 
12 successive monthly insertions can be accepted on this basis, and amounts are payable in 


Payment for an advertisement in this section entitles the advertiser to receive The Illuminating 


12 Successive Monthly Insertions 
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MODERN LIGHTING FITTINGS 


New Catalogue on application 
Fittings manufactured to Architects’ Specifications 
ASCOG LIMITED 
Ascog House, 44, Theobalds Road, LONDON, W.C.1 


ELECTRICITY SERVICES LTD. 
Sole Proprietors and Patentees of the ‘‘ ALL PURPOSES” 


TYPERLITE occu ou 





PHOTOMETERS 


for testing candle-power and illumination. Benches, 
Cubes, Heads, Standards of Light, Special Fittings 
and Accessories. 
ALEXANDER WRIGHT & CO., LTD., 
1, Westminster Palace Gardens, Artillery Row, Victoria St., London, S.W.1 


86, Cannon St.,’ LONDON, E.C.4 
“ESLA” 


Mansion House 5294 (3 lines) 
BI-MULTI AND MULTIPLANE REFLECTORS 
Lanterns, Brackets, Columns, Switch and Fuse Boxes, etc., 
FOR STREET LIGHTING 


The Electric Street Lighting Apparatus Co. 
The Foundry, Canterbury 








ALLOM BROTHERS L”. 


16, GROSVENOR PLACE, LONDON, S.W.1. 
Specialists in the Science of Modern Lighting, including : 
Theatres and Public Halls. Tennis and Racquet Courts. 


Pictures and Picture Galleries. Floodlighting, etc. 
Decorative Fittings in Glass and Metal. 


ELM WORKS, Lr. 


Established 1903 Summerstown, London S.W.17 
Suspension Lamps, Lanterns, REFLECTORS 


for PUBLIC & INDUSTRIAL LIGHTING 
GAS and ELECTRIC 


VITREOUS ENAMELLING tiecsi spinning. ac 





specify Benjamin. 
THE BENJAMIN ELECTRIC, Ltd., TARIFF ROAD, N.17 


You get the benefit 


j of over twenty years’ 
experience in the 
science of Commer- 


cial & Industrial IIlu- 


y PLANNED LIGHTING mination when you 


EXPRESS - EUSTON! 


For Domestic and Artistic Lighting Fittings 


EUSTON GRAMS : EUMANCOL, 


2255 EUS. NORWEST, LONDON. 
143b, EUSTON ROAD, LONDON, N.W.1. 





BROMFORD 
Seamless Steel Lighting Standards 


for all requirements 
BROMFORD TUBE CO., LTD., ASTON, BIRMINGHAM 











INDUSTRIAL LIGHTING SPECIALISTS 


Cast Iron Columns Street Lanterns 
Fuses Winches 
Time-Switches Contact Gears 


ENGINEERING & LIGHTING EQUIPMENT COMPANY LTD., 
ST. ALBANS, HERTS. 





THE REINFORCED CONCRETE 
LAMP COLUMNS SPECIALISTS. 


CONCRETE UTILITIES, Ltd. 
WARE, Herts. 


PHOTOMETERS 


BENCH, CUBE and PORTABLE TYPES 


employing light sensitive 
PHOTO-ELECTRIC CELLS 


EVERETT EDGCUMB Colindale Works, 


HENDON, N.W.9 








DAWSON REFLECTORS 
Indoor and Outdoor Floodlights 
JENA REFLECTOR FITTINGS 


Miss E. H. DAWSON & HENCKEL, 
42, Gray’s Inn Road, London, W.C.1. 


Telephone: Chancery 8801. 


FARADAY HOUSE 
TESTING LABORATORIES 


All kinds of Lamps, Reflectors, etc., Tested 
LAMPS TESTED TO B.S.S. No. 161, 1934 
SCALE OF FEES ON APPLICATION TO THE SUPERINTENDENT 

66, SOUTHAMPTON ROW, W.C.1 





Specialists in 
ARCHITECTURAL ILLUMINATION AND DESIGNS 


DRAKE & GORHAM LTD. 


36, GROSVENOR GARDENS, LONDON, S.W.1 
Manchester, Glasgow, Hereford and Winchester. 
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FLOODLIGHTING & FITTINGS , 





LINOLITE 












































LTD. 
11 294,.GRAY’S INN ROAD, W.C.1 
Manufacturers of “‘ FLOOD” Units yeahs Young 
Specialists in Modern Lighting Fittings : 
Telephone: TERMINUS 5954. Model “B” Regd. Scientific 
FOSTER & PULLEN Ltd — a 
. Winches, Lamp Lower- Street Lamps, Poles, 
make all types of Lanterns for Street Lighting Sete Might dsseee’ ond ee a pong 
18 Y GAS —e in owt ae Fleshing Shutters, 
Samples for trial willingly sent—we invite comparison on Carbons, Floodlights, Guide Pulleys, 
both cost and quality Flaite vane (all- rectric a 
AVIL WORKS BRADFORD Headlights, or i a prs shes 
On War Office, Admiralty, Air gore Post Office, etc., etc.. Lists. 
MINISTRY OF TRANSPORT 
ILLUMINATED ROAD SIGNS AND M E K ELITE 
19 GUARDIAN ANGEL GUARD POSTS ares 5 LH 
LAMP COLUMNS, ETC. EVERY USE. 
14/15, Lambs Gone Passage, MEK-ELEK ENGINEERING LTD., 
Gowshall Ltd., Red Lion Square, London, W.C.1 16, Douglas Street, LONDON, S.W.1 
PIONEERS of AUTOMATIC LIGHTING W PAR KI NSO N & CO 
e 
9 Ker GAS CONTROLLERS, ELECTRIC, and PROMOTERS OF SCIENTIFIC 
s ¥ SYNCHRONOUS TIME SWITCHES STREET LIGHTING BY GAS 
.C) ‘ BRITISH, FOREIGN AND COLONIAL AUTOMATIC LIGHT IRON LANE-STECHFORD BIRMING HAM 
CONTROLLING CO., LTD., BOURNEMOUTH. Tel. No.: Stechford 2256. And at London and Belfast 
Cc Oo N T R Oo L L E D L i G lad T F. H. PRIDE (Herbert C. Pride, M.B.E.) 
Rf T T T 
21 Laylights, Cornice Pendant Fittings om tare el eis gag ba 





and Pillar Lighting. G. iy dD. and Standards. 


ILLUMINATORS, LTD. 
ALDWYCH HOUSE, LONDON, W.C.2. Holborn 7277. 


CINEMA LIGHTING SPECIALIST 
Designer and Manufacturer of MODERN Lighting 
Fitments and Electrical apparatus. 


Showrooms : 52, GT. MARLBOROUGH ST., W.1. Telephone : Gerrard 2106 
Works : 69/81, High St., Clapham, S.W.4. Telephone : Macaulay 2281/2. 





“ HAILWARE!” 


BRITISH MADE ILLUMINATING GLASSWARE AND __ FITTINGS, 
TRAFFIC GLOBES AND SIGNS, ISLAND COLUMNS AND FOOTLIGHTS. 


HAILWOOD & ACKROYD, Ltd. 


BEACON WORKS, MORLEY, Near LEEDS. 
Branches and Showrooms : 
71/75, New Oxford St., London, W.C.1. a St. Vincent St., 
Cariton Chambers, 28, High St. .» Birmingham (Glasgow. 
Ulster Agents: Messrs. Bell & Hull, 17, College Street, Belfast. 


RADIOVISOR PARENT LTD. 


28, LITTLE RUSSELL STREET, LONDON, W.C.1 
Specialists in Light Actuated Apparatus 
AUTOMATIC CONTROL of STREET and FACTORY LIGHTING 


No maintenance costs—Applicable to both A.C. and D.C. Supplies 
Phone ; Holborn 2986 








Electric Light fittings designed to 
suit Architectural requirements 
Write for Catalogue No. H.L.103 


Harcourts 


2la Newman St., Oxford St., London, W.! 
Telephone: Museum 8732/3/4 


SIEMENS 


38-39, UPPER THAMES STREET, LONDON, E.C.4 


ELECTRIC LAMPS of all types. ELECTRIC LIGHT FITTINGS. 

FLOODLIGHTING APPARATUS. SHOP-WINDOW LIGHTING 

EQUIPMENT. STORE LIGHTING. INDUSTRIAL LIGHTING. 
CINEMA LIGHTING, ELECTRIC SIGNS, Etc. 





Specify 
HOLOPHANE 
(Scientific Illumination) 
ELVERTON ST., LONDON, S.W. 





for 
STREET CHURCH INDUSTRIAL 
CINEMA FLOQD SCHOOL, Etc. 











EQUIPMENT 





KAN D E Mi INDUSTRIAL, COMMERCIAL, 


KAND! LTD. STREET AND RAILWAY LIGHTING, 
et FILM STUDIOS, 

y OND, fo. PHOTOGRAPHY, PRINTING, ETC., 
©. —supEeRioR QUALITY 
AND DESIGN— 






PLUGS, SOCKETS, TEES, COUPLINGS, 

(NIPHAN) TERMINAL SOCKETS AND JOINT BOXES 
for every portable and temporary 
lighting requirement. 


SIMMONDS & STOKES, LTD. 


4, VERNON PLACE, SOUTHAMPTON ROW, LONDON, W.C.! 
Phones : (Head Office) Holborn 8637 ; (Works) Putney 1364 


‘UP WASK PATENT SUSPENSION GEAR, 


N for all types of Overhead Street Lamps, 
D lowers the lamp to the kerb 
DOWN? WITHOUT DISCONNECTION 


Sole Makers-Walter Slingsby & Co., Ltd., Keighley. 























UP TO DATE 
Street Lighting Equipment 


Cc. H. KEMPTON & CO., Ltd., 


Stangate House, 235, Westminster 
Bridge Road, London, S.W.1. 





PHOTO-ELECTRIC CELLS 


Selenium Layer Type (Brit. Pat.) round or square, 
for all kinds of light-sensitive apparata. 


STAFFORD & LESLIE, 


ARMOUR HOUSE, ST. MARTIN’S-LE-GRAND, LONDON, E.C.1 
Tel: National 5025 
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STRAIGHT-LITE REFLECTORS, LTD., 
73, CANONBURY ROAD, LONDON, N.1. | 
ALL OUR FITTINGS CAN BE WIRED READY FOR 


ALTERNATE SWITCHING AND SUPPLIED ANODISED ee 
FINISH IN ALL COLOURS, CHROMIUM PLATE OR LIGHTING FITTINGS! 


COLOUR’ SPRAY. ROUGHTON s« YOUNG LT 


Write for Details. "Phone : Canonbury 2066. 143 KNIGHTSBRIDG 


STRAND ELECTRIC WARDLE ENGINEERING Co., Ltd. 


AND ENGINEERING CO., LTD. 
19-24, FLORAL STREET, LONDON, W.C.2 OLD TRAFFORD, MANCHESTER 


Specialists in Modern Theatrical Lighting 
Manufacturers of “ Sunray” Lighting Bat Equipment STREET LIGHTING EQUIPMENT. TRAFFIC SIGNALS 
Electrical Installation Contractors. Li hemes for PRISMAT BULKHEAD FITTINGS. FLOODLIGHT PROJECTORS 


Exhi > cheeageggge 
‘Shop eee aes ee a conan WORKSLITE REFLECTORS. WARDELYTE GLASSWARE 


F a PHOTRONIC ‘Photo-electric: 
or every 
type of want w ILLUMINATION on OF 

















the best! 


GAS LIGHTING CHAPTER ST. 
S.W.1 


“THE FITTINGS THAT IMPROVE WITH AGE” 
WOODFYT 


‘ D AP. ak \ Ke (WOOD ELECTRIC FITTINGS 
“ PELAMDS 10a, NEWMAN veeee W.1 


(Museum 7325) 
TUBELIGHT SALES LTD: 23 PANTON ST: S'W'l Catalogue sent on application 
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Accessories ithe fae ie se sels Industrial Lighting is a 
Architectural Lighting . a apie: Me & wt 7 Local Lighting al . 


Automatic Light Consol i via bse 20, 32 Photometers eee wee eee ye 
Concrete Pillars, etc. 6 Reflectors a on 3, 4, 7, 10, 7G 


+o 2) Signal Lights rs wr * re pa 

Electric Lamps ... ; ca tbe ‘5 33, 40 Special Lighting ... a 3, 21, 22, 25. 33, 

Film Studio Equipment .. wile te 2S ee i 

Fittings 1, 3, 4, 12, 16, 7, 21, 22, 23, 24, 25, 26, Street Lighting Units ... 10, 13, 18, 26, 30, 
27, 29, 31, 33, 41, 44 Testing Laboratories vis es a 

Floodlighting .... He ies 17, 24, 33, 38,42 Theatre Lighting 

Gaslighting at on nes .. 18, 26, 30, 39 Time Switches 

Glassware... wl me ies i .. 22,24 — Traffic Signs iss 5 

Guardposts pile a sine 19, 22 Winches and Suspension ‘Gear 


N.B. an sorte are ae attached to individual entries in the Directory (See pp. 404-406.) 





. . been published. by the National ‘“ Safety-First ’’ Association. 
National Safety-First Congress (I 935) It contains the paper on Street Lighting and its Relation © 


A Report on the Proceedings of the above Congress, held to the Safety of Roads read on that occasion by Mr. S, B. 
in London during May 29-31 of this year (price 5s.), has Langlands, and a summary of the discussion. 


IMPLE “LUX” 


(La Revue de I’Eclairage) 








= “a WE have pleasure in announcing to our readers that we have entered 4 
Street Lighting into an arrangement to receive subscriptions for the French J fs 
‘ed — 45, ae" Revue de hoes big bac ae <a i - 

* o francs, the approximate equivalent of which in English mon is 
Shopwindow advo Shillings and Six Pence (7/6). J 
** Lux”? is the only French journal which specialises in all aspects J 
R of lighting ; it is the official organ of the Association Francaise ¢ 





Ingenieurs de 1’Eclairage (equivalent to the Illuminating Engineering J 

Society in France). Tt 
It furnishes a, complete record of interestin developments in PG 

lighting in France and on the Continent. It is fully illustrated and | 

in particular devotes a considerable number of its pages to Deco 

Lighting. + 
By studying these articles and the numerous photographic rept@ 7 

ductions of modern lighting installations the reader can readily G 

an excellent impression of French methods and practice in matters © 

“" Illumination. 

SCIENTIFICALLY DESIGNED 


SIMPLEX ELECTRIC CO., LTD. gentome for subscriptions will “ ppeont by “ The Hhuminating 
Head Office: 158, GREAT CHARLES STREET, BIRMINGHAM, 3 Engineer,” 921 Vicoria Street, London, 6.10 J 
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LIGHTING 


Corporation Street, Birmingham, under the new system of Gas Lighting. 


WITH 


New Street, Birmingham, under the new system of Gas Lighting. 


means A1 light for Birmingham 


When Birmingham resolved to provide 
conditions of illumination corresponding 
to “class A” of the British Standard 
Specification they chose high pressure 
gas lamps suspended over the carriage- 
way by wire cables spanning the street 
and attached to buildings on each side. 





The respective widths of the carriageways 
in New Street and Corporation Street 
are 35 ft.and 40 ft. Pairs of lamps, each 
yielding about 3,000 c.p., are mounted 
7 ft. apart, and spaced at intervals of 
70 ft. The height of the lamps above 
the surface of the roadway is 26 ft. 6 in. 


Please write for a copy of our street lighting booklet *‘ To every 
public man and woman” —it’s free—to the address below. 


THE BRITISH COMMERCIAL GAS ASSOCIATION, 28, Grosvenor Gardens, London, S.W.1. 








Cover iti 


iv Cover . THE ILLUMINATING ENGINEER November, 1935. — 








HOLOPHANE 
LIGHTING AT 
EAST PIER 
DUN 
LAOGHAIRE 














GIVE MORE NIGHT PHOTO OF EAST PIER, DUN LAOGHAIRE, NR. DUBLIN, LIGHTED BY HOLOPHANE DUO DOME REFRACTORS IN 
THAN EVER OCTAGONAL LANTERNS. (Top left.) SHOWS THE LANTERNS AND POST IN DAYLIGHT. 
(Night Photo by the courtesy of E. S. B., Dublin.) 


d AN OUTSTANDING INSTALLATION OF LIGHTING 
REMEMBRANCE WHICH TRANSFORMS DUN LAOGHAIRE PIER 
_— INTO A SHINING RIBBON OF LIGHT. 


THE SPECIALLY DESIGNED ORNAMENTAL 
LANTERNS ADD A DECORATIVE FEATURE TO 
THE PIER IN DAYLIGHT, WHILST AT NIGHT 
- THE HOLOPHANE AXIAL TYPE DUO DOME 
REFRACTORS ENSURE AN EFFICIENT LIGHT 
DISTRIBUTION. 


THIS IS ONE OF MANY SPECIAL ORNAMENTAL 
LANTERNS WHICH OUR DESIGN DEPARTMENT 
ARE PREPARED TO SUBMIT FOR LIGHTING OF 
GARDENS, PIERS, PROMENADES, €TC., ON 
REQUEST. 


SPECIFY HOLOPHANE AND - COMBINE~ EFFICIENCY WITH EFFECT 


HO _OP HAN Fe aga l, ELVERTON STREET, 
* VINCENT SQ., LONDON, S.W.| 


’Grams : HOLOPHANE, SOWEST, LONDON. ’Phone.: VICTORIA 8062 (3 lines) 
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